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ABSTRACT

Mustard "greens" is a popular fresh vegetable,
especially in the South.

Fresh market production, however,

is restricted to local sales or short-distance markets due
to the relatively short shelf life of mustard.
Packaging has been shown to successfully extend the
shelf life of several fruits and vegetables.

To determine

the effect of packaging and storage temperature on the
postharvest life and quality of mustard,

mustard was stored

at 1, 4, and 15C in perforated polyethylene bags, Cryovac
D-955 60-gauge or 100-gauge heat-shrinkable films or
not-wrapped.

A preliminary experiment was conducted with

spinach to develop experiment methodology and for comparison
of packaging effects on another leafy vegetable.
Packaging mustard in perforated bags, Cryovac 60, or
Cryovac 100 films significantly reduced weight loss over
non-bagged greens.

Mustard and spinach packaged in the

Cryovac films lost less weight than greens packaged in
perforated bags.
Weight loss was higher for greens stored at 4 and 15C,
than greens stored at 1C.

There was an increase in weight

loss of mustard not-bagged and in perforated bags as number
of days in storage increased.
Package type had a highly significant effect on C02
concentration in atmosphere within packages of spinach and

mustard, with higher C02 concentrations occurring in
packages made of Cryovac film.

Concentrations of C02 were

constant over storage time, reaching a steady state by the
3rd day of storage.
The quality of bagged spinach was excellent after 20
days in storage at temperatures of 1 and 4C.

Mustard was

stored for 12 days at 1 or 4C with very little loss in
quality.

Quality of non-bagged mustard was excellent when

stored up to 3 days at 1 or 4C, but was unacceptable after 5
days in storage.
Packaging significantly increased the incidence of
decay and yellow discoloration of greens stored at 15C.
Quality of all greens, however, was poor after only 5 days
in storage at 15C.
Sensory evaluations indicated packaging and storing
mustard for extended periods (12 days) did not affect the
flavor and quality of cooked mustard.

viii

INTRODUCTION

Mustard "greens" (Brassica iuncea Coss.) is a popular
fresh green vegetable, especially in the South.

Mustard is

a member of the genus Brassica belonging to the family
Cruciferae.

Other important species in this family include

cabbage, cauliflower and broccoli.
Mustard greens is among our most nutritious vegetables.
Mustard is low in calories and can contribute important
amounts of Vitamin A, Vitamin C, and calcium to the diet.
Because they grow rapidly, allowing several crops or
harvests per season, greens are among the world's most
productive plants in terms of nutritional value per unit
area of land.
Mustard is suitable for fresh and processed markets.
In Louisiana, sales are generally limited to marketing the
fresh commodity.

Fresh market production, however, is

restricted to local sales or short-distance markets due to
the relatively short shelf life of greens.
Mustard greens are harvested immature during the active
growth phase and have a high respiration rate.

The high

respiration rate and the large surface area of the crop lead
to high moisture loss following harvest.

To preserve

quality, mustard must be cooled, usually with hydro- or
vacuum-cooling, immediately after harvest to OC and

1
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maintained at 90-95% relative humidity.

Greens are usually

ice-packed for shipment.
Under refrigeration, shelf-life is estimated to be 7-10
days.

When placed in the retail produce bin, postharvest

quality decreases rapidly and shelf-life drops to 2 days.
Losses are very high in the retail market.
Because very few studies have been performed on this
crop, literature detailing postharvest work on mustard is
limited.

Some research has been conducted on similar green

vegetables such as spinach, but little attention has been
given to mustard greens due to limited production of the
crop and regionalist popularity.
The shelf-life of many vegetable and fruit commodities
has been extended with the use of polyethylene wrapping.
Many researchers attribute the benefits of wrapping to
reducing commodity weight loss by maintaining a watersaturated micro-atmosphere around the product.

Since the

major hazard most commonly responsible for the termination
of storage life in greens is wilting, bagging mustard in a
protective wrap may alleviate water stress, thereby
extending postharvest quality beyond present expectations.
In areas where mustard is a shipped commodity, sealing
the product in bags may help to retain the quality during
shipment.

Since most refrigerated trucks and retail

facilities are maintained at higher temperatures than
recommended for mustard storage, reducing water loss through

the use of polyethylene bags could increase the postharvest
life of the crop within the present facilities with minimum
input.
Current recommendations for storing greens indicate a
greens crop should be stored at OC.

Bagged mustard stored

in a protective wrap may not require storage temperature as
low as unprotected mustard to preserve postharvest quality.
The objectives of this study were twofold.

One purpose

was to determine the effect of storing mustard in perforated
polyethylene or shrink-wrapped bags on postharvest life and
quality.

The second objective was to evaluate the

effectiveness of bagging of mustard for increasing the
temperature required for storing mustard while maintaining
postharvest quality.

REVIEW OF LITERATURE

Historical Perspective
Mustard has been cultivated in various parts of the
world since Biblical days (Knott, 1955).

Peirce (1987)

described mustard as being native to central Asia and the
Himalayas.

Bailey (1949) reported mustard was found in Asia

and cultivated mostly for spring greens.

According to Faust

(1975), the mustard plant originated from India and its
culture spread to Burma and China.

Evidence suggested the

primary center of origin of the species as Central Asia
(Northwest India, including the Punjab and Kashmir), with
secondary centers in central and western China, Hindustan
(East India and Burma) and Asia Minor through Iran (Vavilov,
1949) .
The first introduction of the plant into the United
States is not known.

Recognition of Brassica iuncea var

crispifolia as a plant, which had been growing in his
father's garden for over 25 years, was made in 1890 by John
Lewis Childs (Bailey, 1949).

Classification and Current Uses
There are four major species of mustard grown in many
parts of the world today:

Sinapsis alba (White Mustard),

Brassica iuncea (Brown Mustard), Brassica nigra (Black
Mustard), and Brassica carinata (Ethiopian Mustard). The
4

most commercially important species are B^. iuncea and B.
nigra, which are used as oilseed crops.

B^. iuncea is also

used to a lesser extent for spice, flavoring, cattle fodder,
and greens or salad (Peirce, 1987).
Mustard oil is one of the major edible oils in India
and has been used in Russia to replace olive oil.

Mustard

oil has also been used as a body/hair oil, lubricant, and
illuminant.

Mustard is grown in Russia, Romania, Canada,

and the United States for the production of oil (Vaughan and
Hemingway, 1959).
Though a significant portion of B^_ iuncea production is
used to make oil, another important use is for production of
mustard seed for making fine table mustard (Vaughan and
Hemingway, 1959) .

B^. iuncea is also cultivated in many

parts of the world as a vegetable and salad plant (Vaughan
and Hemingway, 1959).

In the United States, Canada, and

Holland, it is grown to a considerable extent for greens.
B. iuncea is very popular in the southern United States and
is served as cooked "greens".
Several forms of IL_ iuncea have been recognized and are
grown for greens (Bailey, 1949).

Horticultural cultivars,

such as 'Southern Giant Curl' and 'Ostrich Plume', are
referred to as leaf mustards and are also known as B_j. iuncea
var crisoifolia.

They are characterized by the margin of

the leaves, which are cut into many very fine divisions,
curled and crisped (Bailey, 1947).

Broad leaf mustards, var

foliosa, are distinguished by having large sinuately
margined leaves and include the cultivars 'Chinese Broad
Leaf' and 'Florida Broad Leaf' (Bailey, 1949).
Spinach mustard is classified as oriental or Chinese
mustard.

This group includes the cultivar 'Tendergreen' and

belongs to the species perviridis.

It is identified by

smooth, thick, dark green leaves that are oblong in shape
and tapered to a long, narrow-winged petiole (Bailey, 1949).

Nutrition and growth
Mustard, as a greens crop, is among the most nutritious
of the vegetables.

It is an excellent source of minerals

such as calcium, iron, magnesium, potassium, and phosphorus.
It is low in calories, averaging only 31 calories per 100 g.
Mustard contributes significant amounts of beta-carotene,
ascorbic acid, riboflavin, niacin, and thiamin to the diet
(Salunkhe et al., 1974).

Because several crops and harvests

can be made in a year, mustard is considered among the
world's most productive plants in terms of nutritional value
per unit area of land (Peirce, 1987).
Stephens et al. (1970) reported that the growth habit
of mustard is similar to growth habit of collards, B.
carinata A. Br.

Soon after seed germination, the plants

develop a rosette of leaves from a very short stalk near the
surface of the ground.

As the plant matures, a rather large

single seed stalk develops, terminating in a flower cluster.

Production and Cultural Practices
Information concerning total production of mustard in
the United States is not available.

Small plantings are

concentrated in Texas, California, Florida, Georgia,
Louisiana, Mississippi, Tennessee, Arkansas, and Alabama
(Peirce, 1987).

Mustard used for processing in the United

States amounted to 11,768,000 lbs (5,342.7 mt) in 1986
(Agricultural Statistics, 1987).
During 1987 in Louisiana, 518 growers produced mustard
on 979 acres (396 ha).

Gross farm value was estimated to be

$4,425 per acre ($10,934 per hectare) for a total of
approximately $4.3 million.

Mustard ranked second in gross

farm value among the 32 vegetable crops reported (sweet
potatoes not included) and accounted for 1.3% of the total
value (Boudreaux, 1987).
Mustard is a cool-season crop and is usually planted in
Louisiana from mid-July through early November and from late
January through early May.

The crop normally is seeded in

single or double rows on a 1 m bed (Cannon and Boudreaux,
1987).
Sandy loam soils with a pH between 5.5 and 6.8 are
preferred (Peirce, 1987), but mustard will thrive on almost
any soil, provided it is fertile and moist (Lloyd, 1914).
Cannon and Boudreaux (1987) recommended that preplant
fertilizer for mustard include 34-45 kg nitrogen/ha, 59-88

8
kg phosphorus/ha, and 112-167 kg potassium/ha.

An

additional 22-34 kg of nitrogen/ha sidedressed 3-4 weeks
after planting would be beneficial.

Actual fertilizer

amounts applied, however, should be adjusted according to
soil tests.
Harvesting usually begins 35-50 days after planting.
Mustard greens are generally sold in dozen bunches with ten
to twenty plants per bunch, depending on plant size.

The

whole plant or just the younger leaves may be harvested
(Boudreaux et al., 1990).
In Louisiana, mustard greens are manually harvested by
pulling the entire plant.

In other areas, the plants are

manually cut instead of pulled (Peirce, 1987).

In work done

by Peterson et al. (1981) describing a mechanical harvester
for greens, the plant was cut 5 cm above the ground.

Bunch

size, uniformity, and quality of machine-harvested turnip
and mustard greens were comparable to hand-harvested greens.
Local retailers indicate consumer preference for
"pulled" greens.

Consumers associate "pulled" greens with

local production and fresher product (Ott, 1988).

Postharvest Handling
Though mustard belongs to the Cruciferae or mustard
family of which cabbage, cauliflower, broccoli, and Brussels
sprouts are members, it is usually grouped with leafy greens
crops for postharvest requirements.

Research is limited on
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postharvest handling of mustard greens for processing or
fresh market.

Postharvest recommendations for fresh market

production are often derived from research on leafy
vegetables, such as spinach and leaf lettuce.

Differences

in plant physiology, disease susceptibility, ethylene
sensitivity between leafy vegetables indicate postharvest
treatment should be tailored to each individual species.
Mustard is often cooled and packed for transit in the
same manner as spinach (Peirce, 1987).

Spinach harvested

for fresh market is washed, trimmed as needed, graded, and
packed in wire-bound crates.

It is sold as bunches, loose,

or in consumer-size polyethylene bags (Peirce, 1987).

As

reported by Cannon and Boudreaux (1987), mustard greens are
usually washed and tied into a bunch of ten to twenty
plants, but may be placed loosely in a basket.
In the Winter Garden area of Texas, fresh-market
spinach is clipped manually, washed in tap water, and then
rinsed in an ice/water slurry for cooling.

To prevent the

spread of decay-producing organisms, chlorine at 100 ppm may
be added to the slurry.

After excess moisture is

centrifuged off and stored at 4C, the spinach is sealed in
perforated, polyethylene bags (Dainello, 1988).
According to Peirce (1987), mustard must be cooled
immediately to 0C at 90-95% relative humidity to preserve
quality.

Cannon and Boudreaux (1987) recommend top-icing,
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to cool mustard and preserve freshness when shipping, and
storage temperature as close to 0C as possible.
The high surface-to-mass ratio of leafy vegetables,
such as mustard and spinach, lend themselves to vacuum
cooling, and satisfactory cooling can be achieved rapidly
using this system (Nonnecke, 1989).

Vacuum cooling has

become the standard commercial process for cooling crisphead
lettuce in the United States, but due to the complexity and
expense of the equipment required, its use is limited to
areas of extensive production (Isenberg et al., 1982).
Kasmire (1988) indicated a cooling process called
Hydro-Vac, which allows continuous wetting through the
vacuum cycle, would be suited for cooling mustard, but
equipment expense would be considerable.

Peirce (1987)

reported hydrocooling takes longer than vacuum cooling, but
is more feasible for small market operations.
A container, which utilizes melting ice panels to drip
water continuously over a commodity, proved successful in
extending the storage life of collards when storage
temperature was maintained at 4C.

Application could be made

to mustard, but commercial operation of the prototype has
not been developed at this time (Magee et al., 1990).
Cannon and Boudreaux (1987) stated mustard can be
stored at 0C with high humidity for 10-14 days.

Ott (1988)

estimated shelf-life of mustard stored under refrigeration
in a waxed box to be 7-10 days.

Nonnecke (1989) indicated
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spinach could be held at 2C for 3 or more weeks, but the
quality would not be acceptable even if stored for half that
time.
Ott (1988) indicated when mustard was placed on the
retail produce bin, shelf-life dropped to 2 days.

Some

retailers extend the shelf-life by a day or two by placing
the wilted greens in warm water to restore cell turgor.
Locally-grown mustard, which is harvested and delivered
usually in the same morning, has a longer retail shelf-life
than greens that have been shipped.
Weichmann (1987) classified vegetables according to
respiration intensity.

He indicated vegetables with a high

surface-to-mass ratio, such as leafy vegetables, have a very
high respiration rate.

He went on to state that, in

general, the degree of perishability of fresh vegetables is
parallel to their respiration rates.
Grierson and Wardowski (1978) classified vegetables
into general categories indicating the major hazard most
commonly responsible for the termination of storage life.
Wilting was considered the major hazard for leafy vegetables
such as spinach.

Based on this hazard, leafy vegetables

were placed in a group requiring immediate marketing.
Salunkhe et al. (1974) also considered wilting the major
postharvest disorder of spinach, and recommended spinach
should be harvested only during the cooler part of the day
to minimize wilting.
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Shrinkage losses of vegetables are almost entirely the
result of evaporation of water from the surface (Hardenburg,
1949).

According to Salunkhe and Desai (1984), the higher

the ratio of surface area to unit volume, the greater is the
loss of water by evaporation.

Other factors being equal,

leafy crops (such as spinach, leaf lettuce, and mustard)
will lose water and weight much faster than a vegetable or
fruit with a lower ratio of area to unit volume.
Hardenburg (1971) reported most fruits and vegetables
store best under relative humidity (RH) of 90-95% as this
minimizes wilting, while Van den Berg and Lentz (1978)
suggested optimum storage conditions include a RH as close
to saturation as possible.

In their research, reduced

weight loss at the higher humidity level resulted in firmer,
crisper, and higher quality vegetables, and in the case of
leafy vegetables, substantially fresher color.

Packaging in Films
Humidity rapidly builds up and may approach or reach
100% within a film package (Grierson, 1968).

Many

researchers have shown that storing fruit and vegetables in
packages or bags reduces weight loss and maintains turgor of
the produce.
In early work done by Hardenburg (1949), moisture loss
of green beans, broccoli, celery, cauliflower, radishes,
peppers, lettuce, and spinach was reduced by using

r
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transparent bags of polyethylene or polystyrene materials
under refrigerated and open-counter temperatures.

He found

that the moisture-proof film doubled the shelf-life of
lettuce stored on the open-counter or in a refrigerated
case, but ventilation holes to prevent off odors and decay
were essential for the storage of spinach at either
temperature.
Much research has been done on seal-packaging of
citrus.

Ben-Yehoshua (1969) established that the major

requirement for extending the postharvest life of citrus
fruit was to slow its transpiration rate.

He considered

transpiration as the main cause for weight loss, and
calculated that transpiration accounts for about 90% of
total loss of weight of citrus.

Use of a plastic film of

high-density polyethylene (HDPE) reduced transpiration of
orange fruit by 5- to 20-times.
Seal-packaging of lemons in 0.01 mm thick polyethylene
film reduced weight loss by five-fold as compared with
unwrapped fruit.

Sealed lemons held at 21C were firmer and

lost less weight than non-sealed fruit at 10C (Ben-Yehoshua
et al., 1979).

Results with grapefruit individually sealed

with polyethylene indicated that weight loss was reduced by
58-84% (Kawada and Albrigo, 1979).
Ben-Yehoshua et al. (1981) reported seal-packaging with
HDPE reduced weight loss of citrus fruits more than cooling.
His work showed that sealed citrus fruits at 20C had a fresh
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appearance up to 1 year in storage, whereas non-sealed
fruit, stored at optimum conditions of 14C and 85% RH,
became soft and shrank after only 2-4 months.
Research concerning packaging of vegetables has
increased in recent years with the advent of new films and
packaging techniques.

Hughes et al. (1981) stored peppers

wrapped in miscellaneous films at 20C and found wrapping to
be significantly beneficial in prolonging shelf-life over
non-wrapped peppers.
Ben-Yehoshua et al. (1982) found that film wrapping
bell peppers in HDPE film prevented fruit softening and
deterioration during 1 month of storage at 8 or 17C,
followed by 4 days at 17C, whereas leaving fruit unwrapped
resulted in an unacceptable condition after 2 weeks of
storage at 17C.
Rate of weight loss was reduced for peppers wrapped in
several different films and stored at 7, 12, and 25C when
compared with non-wrapped peppers, according to Bussel and
Kinigsberger (1975).
Risse and Miller (1983) found that wrapping eggplants
in non-perforated films reduced weight loss and maintained
firmness during 1- to 3-week storage at 7C and for
additional holding at 16C for 3 and 7 days, compared with
eggplants wrapped in paper tissue or perforated film.
Weight loss of the tissue-wrapped eggplants was 6 to 60
times more than for those wrapped in non-perforated film.
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Sealing peppers in HDPE preserved their initial
firmness, while non-sealed fruit softened and shriveled.
Non-sealed peppers lost 10-times more weight than sealed
fruit during 4 weeks of storage at 17C and 85% RH.

In the

same study, similar results were reported for sealed and
non-sealed lemons.

Storage life and softening were highly

correlated with declining water potentials of lemon and bell
pepper in this research by Ben-Yehoshua et al. (1983).
Miller et al. (1983, 1984) found that wrapping peppers
consistently reduced fruit softening during storage as
compared with non-wrapped fruits.

Pepper fruit softening

has been attributed to moisture loss (Showalter, 1973) .
In work conducted by Elkashif et al. (1983), broccoli
was individually seal-packaged in non-perforated or
perforated polyethylene films of 0.01 or 0.02 mm thickness
and stored at 1, 7.5, and 15C .

After 2 weeks in storage,

unwrapped broccoli lost 35.8% of its weight as compared with
seal-packaged spears, which lost only 1.1% of its weight.
In the same research, Elkashif et al. (1983) reported
that seal-packaged cucumbers stored at 10 and 20C maintained
their texture and color at least six times as long as
perforated-packaged and unwrapped fruit.

Sealed cucumbers

were of acceptable quality even after 5 weeks in storage at
10C, whereas those in perforated bags or unwrapped
treatments lost market quality during the first week in
storage.
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Risse et al. (1985) reported that weight loss of mature
green tomatoes wrapped in copolymer or HDPE film was reduced
from 10-25% after 3 weeks of storage at 13C and subsequent
storage at 21C, as compared with non-wrapped fruit.
Firmness of the tomatoes was inversely related to weight
loss, and firmness of non-wrapped tomatoes was significantly
less than that of wrapped fruit if tomatoes had been stored
more than 1 week.
Weight loss of non-wrapped cucumbers stored for 2- or
3-week periods at 7C plus 3 days at 21C was 10- to 20-times
more than for those wrapped in low-density polyethylene
(LDPE) film.

In work presented by Risse et al. (1985), even

waxed cucumbers suffered weight losses three- to six-times
greater than for those wrapped.

Firmness and color

development changes were very slight, though firmness and
color were better for wrapped cucumbers than non-wrapped
ones.
Lester and Bruton (1986) reported that both wrapped and
non-wrapped netted muskmelon fruit, held at 4C and 90% RH,
experienced a significant loss in fresh weight throughout
the 40-day storage period.

Total fresh weight loss of

shrink-wrapped fruit, however, was only 1% compared with
11.2% in non-wrapped fruit.

Wrapped fruits demonstrated no

significant decrease in firmness or percent dry weight.
Weight loss in wrapped fruit was attributed to loss of

r
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water, while in non-wrapped fruit, it was represented by a
combination of water and dry weight loss.
In work done by Fontenot et al. (1987), fruits of three
cultivars of okra were hydrocooled and placed in
polyethylene (PE) bags, placed directly in PE bags without
hydrocooling, or placed in open air.
stored at 25C.

All treatments were

The quality of okra pods placed in PE bags

without hydrocooling was as good or better at 1 and 4 days
after storage than the pods that were hydrocooled.

Okra

stored in the open air shriveled and became unsightly in a
short period of time.
According to Smittle and Hayes (1987), storage of cut
snap beans at 40F for 7-8 days in plastic packages with four
holes per pound of beans resulted in color, flavor, and
texture ratings similar to fresh beans.

Snap beans stored

at the same temperature in sealed plastic packages resulted
in anaerobic conditions within 24 hours and off-flavored,
tough pods after 4 days.
Broccoli turgidity was maintained and weight loss was
reduced by the use of film wraps.

Weight loss for

polyvinylchloride-wrapped broccoli and controlled-atmosphere
broccoli, held at 5C for 21 days, was approximately 50% and
17% lower than the non-wrapped control (Forney et al.,
1989) .

Forney et al. (1989) divided the weight loss into

two additive sources, carbon loss and water loss, and

concluded water accounted for 86-90% of the total weight
loss in the broccoli.
Results of research conducted by Shetty et al. (1989)
demonstrate that some shrink films will allow storage of
potatoes at room temperature with minimal moisture loss.
They also indicated that wraps, which decreased fresh weight
loss and sprouting, also tended to maintain tuber firmness.

Modified Atmosphere In Packages
Yellowing or loss of green color is another factor
affecting the quality of green leafy vegetables during
storage.

Nonnecke (1989) reported that an atmosphere

enriched with 10% C02 retarded the yellowing of spinach for
up to 3 weeks at temperatures of 5C.
Aharoni and Ben-Yehoshua (1973) reported that the
modified atmosphere produced in closed PE bags effectively
reduced yellowing of romaine lettuce.

The C02 and 02

concentrations in the bags equilibrated at 2-3% and 12-13%,
respectively, during cold storage.

The effectiveness of

closed bags in delaying yellowing increased with rising
temperatures.
Ben-Yehoshua et al. (1979) found that sealing of citrus
fruit in HDPE film significantly reduced the production of
both C02 and ethylene, but it had no effect on the content
of C02 or 02 in grapefruit or orange.
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In research with bell pepper stored at 17C for 1 week,
respiration and ethylene production were similar for both
sealed and non-sealed fruit.

Endogenous concentrations of

02 and C02 were 20.5% and 0.9%, respectively (Ben-Yehoshua
et al., 1983).
Miller et al. (1986) concluded wrapping bell peppers in
copolymer film provided a slight barrier to normal gas
exchange as shown by consistently higher levels of C02 in
the cavities of wrapped fruits than in those of non-wrapped
fruits.

The difference in level of C02 did not increase

during 4 weeks of storage time.

Apparently the permeability

of the film only caused a relatively constant shift in the
level of C02.

Ben-Yehoshua (1985) suggests the increase in

resistance to diffusion of these gases, brought about by the
use of the film, is counteracted by inhibition of the
respiratory activity.
The 02 and C02 levels in perforated bags decreased
rapidly during the first day of storage of bagged, cut snap
beans, but percentages stabilized by 4 days after storage.
After 7 days at 4F, the C02 and 02 contents of bagged
treatments were 10-15% and 5-10%, respectively.

Generally,

levels of C02 and 02 were related to number of holes present
in each bag (Smittle and Hayes, 1987).
Forney et al. (1989) reported the C02 and 02
composition of the atmospheres inside wrapped packages of
broccoli reached equilibrium in the first 24 hours of
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storage and did not change significantly for 21 days*
Wrapped broccoli held in humidified air had the lowest
concentration of 02 (7.8%) and a high concentration of C02
(9.0%) in the storage atmosphere.

This treatment also had

the lowest respiration rate indicating that modifying the
atmosphere decreased the respiration rate of broccoli.
This research on broccoli agrees with the typical
pattern of atmosphere equilibration established by Smith
et al. (1987).

The pattern in film packs is typified by a

rapid decline in 02 and increase in C02, followed by
elevation of 02 and decrease in C02 as respiration rate is
reduced by the modified atmosphere.
Respiration of the commodity and permeation rate of the
film ultimately determines the composition of the atmosphere
inside a film-wrapped package (Forney et al., 1989; Smith
et al., 1987).

If all other factors are equal, the degree

of atmosphere modification in sealed loose-film packs is
dependent on the type and thickness of material used (Smith
et al., 1987).

This statement is supported by work done by

Elkashif et al. (1983) who found that film thickness had no
effect on weight loss, but significantly affected in-package
C02 and 02 concentrations of wrapped broccoli and cucumber.
Contrary indications were revealed by Rij and Mackey (1986),
who found that rates of transmission of C02 through three
formulations of polyvinylchloride flexible films were highly
temperature dependent.

Film Wrapping and Decay
Film wrapping had a varied effect on incidence of
decay in packaged produce.

Hardenburg (1971) stated that

the high RH, which develops in a closed package, makes
conditions favorable for growth of micro-organisms and
development of decay, particularly when temperatures are
warm.

Aharoni and Ben-Yehoshua (1973) reported that

packaging romaine lettuce in closed bags or vacuum
precooling of open bags reduced decay compared with
packaging in open bags without vacuum precooling.
Bussel and Kinigsberger (1975) reported that wrapping
peppers in PE film led to considerable condensation on
fruits at 7, 12, or 25C, which resulted in increased decay
of the bell pepper fruit.

Hughes et al. (1981) stored

wrapped peppers at 20C and found that wrapping did not cause
a serious decay problem.
Miller et al. (1983) indicated that wrapping, in
general, increased the incidence of decay during 3-week
storage of bell pepper at 7C, but had no effect on decay
during 2-week storage.

Incidence of decay seemed dependent

on length of storage, as chlorine treatment consistently
reduced decay during the 2-week storage, but had no effect
during the 3-week storage.

This study revealed that film

wrapping may not increase the incidence of decay when
peppers are held for only 2 weeks as compared with
non-wrapped peppers.
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The use of imazalil (1— [2— (2,4-dichlorophenyl)-2-(2propenyloxy)ethyl]-lH-imidazole) dip and imazalilimpregnated film significantly reduced the incidence of
fungal rot of bell peppers.

However, film wrapping

increased the incidence of bacterial soft rot over
non-wrapped treatments after 3 weeks in storage (Miller
et al., 1984).
Decay of eggplant at various storage temperatures was
reported significantly higher for non-perforated film
treatments than for eggplant wrapped in tissue or perforated
film.

Chlorine significantly reduced the decay on both the

tissue-wrapped and film-wrapped eggplant stored for 3 weeks,
but film-wrapped fruit treated with chlorine still had a
significantly higher amount of decay as compared with the
control (Risse and Miller, 1983).
Miller et al. (1986) concluded that the effectiveness
of film wrapping of bell peppers to extend shelf-life seems
to be limited by the high incidence of decay.

Although rate

of decay development was not significantly affected by
wrapping, there was a tendency for wrapped fruits to have a
higher incidence of decay as compared with non-wrapped
treatments.

Temperature effect was evident, as decay was

lower at 7C than at 15.5C for both wrapped and non-wrapped
fruitss.

He indicated film wrapping may be effective in

areas where bacterial soft rot is not a serious problem.
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Decay development was similar for non-wrapped and
wrapped tomatoes during 3 weeks of 13C storage and
subsequent 1-week holding at 21C (Risse et al., 1985).
The incidence of decay of cucumbers during 2 weeks
storage at 7C was negligible for all treatments.

During

extended storage of 3 weeks at 7C plus 3 days at 21C, decay
of waxed or wrapped cucumbers ranged from 98-100% compared
with 10-28% for cucumbers wrapped and treated with imazalil
(Risse et al., 1985).
Effective decay control was realized with a imazalil
dip for all netted muskmelon fruit, wrapped or non-wrapped,
throughout 40 days of storage at 4C and 90% RH.

Lester and

Bruton (1986) concluded that deterioration in quality of
muskmelon is not a result of pathological decay, but a
consequence of normal postharvest senescence.
Ben-Yehoshua et al. (1981) found that decay of citrus
fruit was more affected by cooling than by seal-packaging.
Grapefruit sealed with HDPE had less decay than non-sealed
fruit.

With Valencia oranges, however, the percentage decay

of sealed fruits was slightly higher than non-sealed fruits.
The combination of HDPE seal-packaging and fungicidal
treatments reduced the decay of all citrus fruit to a low
level.
Ben-Yehoshua (1985) suggested that individual sealpackaging would improve the keeping qualities of most
perishable produce.

A well-planned program of decay
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control, however, was essential for its successful practical
application.
Film Wrapping and Storage Temperature
Some researchers have indicated that film-wrapping of
produce may allow far greater latitude in storage
temperatures than possible for non-wrapped produce.
Ben-Yehoshua et al.

(1979, 1981, and 1982) reported sealed

citrus fruit stored at 20C lost less weight, shrank less,
and was firmer than non-sealed fruit stored at the optimal
low temperature of IOC and 85% RH.

Ben-Yehoshua (1985)

suggested sealing may enable storage of citrus without
refrigeration for short periods.

Miller et al. (1986) found

that wrapping reduced weight loss and fruit softening of
bell pepper even at undesirable high temperatures, such as
15C.

Film wrapping maintained firmness of eggplant longer

than non-wrapping during merchandising at higher than
optimum temperatures usually found in retail store displays
(Risse and Miller, 1983).

Mode of Action of Films
The mode of action of plastic films has generally been
explained as the modification of the concentrations of C02,
02, and ethylene (Hardenburg, 1971).

Aharoni and Ben-

Yehoshua (1973) attributed the delay in deterioration of
lettuce to changes in C02 and 02 concentrations in the
atmosphere of PE-lined bags and closed PE bags.
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Ben-Yehoshua et al. (1979, 1981) reported that HDPE
film has suitable permeation properties that resulted in a
humid micro-atmosphere, which delayed senescence of citrus.
Endogenous concentrations of C02, 02, and ethylene were
similar in both sealed and non-sealed citrus fruit, but the
rate of their physiological deterioration was altogether
different.

Based on this information, Ben-Yehoshua et al.

(1983) proposed that the major effect of sealing appeared to
be the provision of a water-saturated micro-atmosphere

(VISA)

that may alleviate water stress.
Since one of the first cellular processes affected by
water stress is membrane function (Leopold et al., 1981),
Ben-Yehoshua et al. (1983) measured the free amino acid and
electrolyte leakage of wrapped and non-wrapped bell pepper
and lemon fruit.

Better membrane integrity was demonstrated

by sealed peppers and lemons.

The degree of leakage in non-

sealed fruits at the end of the storage period was more than
twice as high as that in sealed lemons and peppers.
To further test the hypothesis that seal-packaging
extends the storage life of fruit by preventing the
formation of water stress, peppers were stored in a WSA and
compared with HDPE sealing.

Weight loss was inhibited and

the decrease in water-saturated deficit (WSD) and water
potential was prevented for peppers in both the WSA and HDPE
wrap compared with unsealed control (Ben-Yehoshua et al.,
1983).

26
Hygroscopic CaCl2 was introduced to HDPE-sealed peppers
to reduce the RH inside the bags and produce stress.
Changes similar to non-sealed fruit occurred; that is, the
rate of weight loss and WSD was increased and water
potential was lowered.

Firmness was reduced with the

lowering of the RH around the seal-packaged peppers.
Membrane leakage was greatest in peppers that were not
sealed and those seal-packaged with hygroscopic material.
Ben-Yehoshua et al. (1983) concluded that reducing the RH of
the micro-atmosphere of sealed fruit by the CaCl2 cancelled
the effects of sealing.
The results of this research substantiate the
hypothesis that the mode of action of the seal-packaging in
delaying senescence and maintaining firmness of lemon and
pepper fruit is in the provision of a WSA that alleviates
water stress.

Ben-Yehoshua et al. (1983) suggested that

water stress and its alleviation may be more important for
lemon and bell peppers (nonclimacteric fruit) than for
tomatoes and other climacteric fruit.

MATERIALS AND METHODS

Planting and Cultural Practices
Greens for the postharvest experiments were grown
during the fall 1988, spring 1989, and spring 1990 at the
Hammond Research Station, Hammond, Louisiana on a Cahaba
fine sandy loam soil. Preliminary research was conducted
with 'Shamrock' spinach (Ferry-Morse Seed, Modesto, CA) to
establish the methodology for packaging mustard and to
provide contrast with another leafy vegetable.

The primary

postharvest research was conducted utilizing 'Florida Broad
Leaf' mustard (local source).
Field preparation, planting, and cultivation were
conducted in the same manner for all four plantings and
utilized the system developed by Parish et al. (1989).

Area

to be planted was disked flat and then hipped to 102 cm-wide
beds.
Fertilization was based on Louisiana Cooperative
Extension Service recommendations (Boudreaux, 1987) and
adjusted according to soil analysis.

Chemical analysis of

the soil are listed in Table 1 for the different experiments
planted.

Soil test results reflect soil fertility before

soil admendments were applied.
Granular fertilizer (8-24-24) was applied approximately
15 cm deep with one knife down the center of the beds prior
to planting.

Nitrogen in the form of ammonium nitrate was
27
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Table 1.

Experiment

Chemical analysis of Cahaba fine sandy loam soil1

Soil
depth
(cm)

P

Extractable
nutrients. oom
K
Ca

Mg

Organic
Matter
%

Soil
PH

Si

0-15

86

123

527

123

0.68

6.4

Ml

0-15

69

127

524

54

0.71

6.0

M2

0-15

103

92

524

47

0.75

6.4

M3

0-15

114

104

675

97

0.74

6.2

laboratory methods of analysis described by Brupbacher
et al. (1968).
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sidedressed between the rows on top of the bed and
cultivated into the soil.
Spinach and mustard for all tests were planted with
Stanhay S870 precision seeders in two rows spaced 30.5 cm
apart on the bed.

Seeds were planted in two lines per row

and spaced 51 mm apart and 6 mm deep in a line.

Spinach Experiment (SI)
The initial experiment was planted to 'Shamrock'
spinach on December 7, 1988.

Fertilizer at the rate of

52N-68P-129K kg/ha was applied at planting based on chemical
analysis of the soil.

Nitrogen (54 kg/ha) was sidedressed

49 days after planting (DAP).

To control weeds, Antor 4E

herbicide at the rate of 3 qts./A (7 liter/ha) was applied
immediately following planting of the spinach.

The spinach

plants were harvested 77 DAP on February 28, 1989.

The

mature leaves were selectively cut by hand at approximately
50 mm above the ground, leaving the crown and surrounding
immature leaves intact.

The spinach was packed loose in

large plastic bags and top-iced for transport to Baton
Rouge, Louisiana for bagging and storage.

First Mustard Experiment (Ml)
The first planting of mustard was made January 26,
1989.

Since the herbicide Antor is not labelled for use in

mustard, Treflan 4E herbicide was used for weed control in
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mustard.

It was incorporated into the soil at the rate of

1.5 pts./A (1.75 liter/ha) prior to the hipping operation.
Fertilizer was applied at the rate of 55N-73P-139K kg/ha
1 day before planting.
DAP.

Nitrogen (33 kg/ha) was applied 45

The plants were harvested 70 DAP on April 8, 1989.

Other cultural practices were followed as recommended by
Cannon and Boudreaux (1987).

Second Mustard Experiment (M2)
In the first experiment, mustard stored at 15C or
non-bagged at all temperatures deteriorated at different
rates than the mustard bagged and stored at 1C or 4C.

This

made difficult equal determinations of color analyses and
organoleptic ratings for all treatments.

In an effort to

have all the treatments available at the same time for these
analyses, planting dates for the different treatments were
staggered.
Mustard in the second planting was seeded March 3 and
March 10, 1989.

Fertilizer at the rate of 43N-56P-106K

kg/ha was applied just prior to planting.
(35 kg/ha) was sidedressed April 12.

Nitrogen

Other cultural

procedures followed in the first mustard experiment were
also practiced in this experiment.

Plants to be stored at

1C and 4C were harvested on April 28, 1989 (56 DAP).

Plants

to be stored at 15C and plants to be stored non-wrapped at
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all temperatures were harvested May 3 (53 DAP) and May 8
(57 DAP), respectively.

Third Mustard Experiment(M31
Mustard for this experiment was planted January 11 and
17, 1990.

Fertilizer (46N-61P-115K kg/ha) was applied 3

weeks prior to planting.

Nitrogen (39 kg/ha) was

sidedressed 46 DAP on February 27, but due to wet field
conditions the nitrogen was not worked into the soil.
Cultural procedures were uniform to those practiced in the
first two mustard experiments.

The first planting of

mustard was harvested on March 12 (60 DAP).

The second

planting was harvested on March 16 (58 DAP) and 19 (61 DAP).

Harvesting Procedures
Mustard for all tests was harvested when the leaves
were between 380-457 mm tall to ensure mustard utilized in
all experiments would be uniformly matured.

Leaf height is

an excellent indicator of plant maturity (Boudreaux, 1987).
Plants were manually pulled and bunched with roots attached.
Bunches were uniformly made to weigh close to 454 g and
consisted of 10-12 plants fastened with a rubber band at the
base.

Yellow or obviously-damaged leaves were removed prior

to bunching, so quality of the bunches was very uniform and
considered excellent.
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The bunches were washed with clear water to remove soil
attached to roots and on leaves and allowed to drain.

Any

excess moisture was manually shaken from the leaves.
Bunches were packed in large plastic bags and top-iced for
transport to Baton Rouge, Louisiana.
Harvesting of all greens was accomplished during the
cool temperatures of the morning to avoid buildup of field
heat.

Internal temperature of the greens at harvest

averaged 21C at all harvest dates.

Condition of the greens

upon reaching Baton Rouge was excellent, with plants
remaining turgid and cool in the bags.

Average temperature

of greens upon arrival in Baton Rouge was 22C.

Time

interval from harvesting to bagging was about 3.5 hours.

Packaging Treatments
Four package types were utilized in each of the
mustard experiments: (1) control - non-wrapped,

(2)

perforated polyethylene bags (24 x 46 cm) containing 36-0.06
mm holes,

(3) Cryovac D-955 60-gauge heat-shrinkable film,

and (4) Cryovac D-955 100-gauge heat-shrinkable film.

Since

spinach leaves are difficult to bunch and spinach is usually
sold as a packaged product, the spinach experiment did not
include a non-wrapped control.
The perforated bags were obtained from Dixie Produce
and Packaging Co., New Orleans, LA.

It is the 5-lb

polyethylene bag commonly used for packaging Irish potatoes
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for the retail trade and grocery store display.
Transmission rates of the perforated bags were not
considered revelant, since gaseous trasmissions take place
through the perforations in the package and not through the
film (Smittle and Hayes, 1987).
The Cryovac films were provided by W.R. Grace & Co.,
Cryovac Division, Duncan, S.C.

Specifications of the

Cryovac D-955 film indicated the material is a multi
layered, biaxially-oriented polyolefin.

The moisture vapor

transmission rate of the Cryovac materials was listed as
1.48 and 1.00 g/545 cm2 per 24 hr at 37C and 100% RH for 60
gauge and 100 gauge, respectively.

The oxygen transmission

rate for Cryovac 60 was reported as 8,900 cm3/m2/atm at 23C
and as 5,850 cm3/m2/atm for Cryovac 100.

Packaging Procedures
Approximately 500 g of spinach or one bunch of mustard
was randomly selected and placed in each bag.

Each bag or

bunch (non-wrapped control) was considered a replication,
with eight replications included per treatment.
Upon delivery to Baton Rouge, the produce was quickly
packaged utilizing equipment housed in the Graphic Services
and Duplication Department on the Louisiana State University
campus.

A Simpulse Sealing System (Allied Automation Inc.)

was utilized to close the end of the perforated bags and to
make storage bags of 25 x 38 cm from the Cryovac films.
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The produce in the Cryovac bags was passed through the
Sergeant Flexible Packaging Machinery (Allied Automation
Inc., Dallas, TX) to "shrink" the film around the product.
Travel time through the heating unit tunnel was 5 sec.
Tunnel temperature was approximately 170C, but surface
temperature of the greens after leaving the tunnel was only
27C.

The film bag was not hermatically sealed, since

pin-sized holes developed at the seal and allowed air to
escape during cooling and shrinking (Thompson, 1988).

Postharvest Procedures
After the packaging process was completed, the samples
were moved to the Department of Horticulture for further
testing and storage.

In order to evaluate the effect of

bagging in reducing the refrigeration requirement for
storing greens, eight replications of each bagging treatment
were stored at 1C, 4C, or 15C.

The greens were removed from

storage when decay, yellowing, or wilt was sufficient to
make product unacceptable.
The higher storage temperature of 15C was selected to
study the effects of storing bagged greens at higher than
recommended temperatures and to emulate storage temperatures
generally found in retail displays in stores and roadside
markets.
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Relative humidity of the storage rooms ranged from
85-95%.

The non-wrapped control was stored in an open box

placed in each cooler.
Initial weight of all treatments was measured using a
Mettler balance (Model No. 1020).

After storage, weight

measurements were taken three times weekly to monitor weight
loss.

Weight recorded at each sampling date for each

treatment was subtracted from initial weight and then
divided by initial weight to determine weight loss as a
percentage of initial weight.

Weight losses of vegetables

are almost entirely the result of the evaporation of water
from the surface of the leaves (transpiration).

There are

some loss of solids from respiration, but the amount is not
appreciable (Hardenburg, 1949; Ben-Yehoshua, 1969).
Ratings to evaluate quality factors, including overall
appearance, decay, wilt, and yellowing, were recorded when
weight measurements were logged.

The numerical rating

scales used were based on work reported by Kader et al.
(1973) and modified by this researcher to evaluate spinach
and mustard.

Rating scales utilized in this research are

presented in Tables 2-5.

Ratings were made by viewing the

commodity through the packaging films.
To evaluate effect of bagging and storage temperature
on C02 concentrations in the bagged treatments, air samples
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Table 2.

Score

Rating scale for overall appearance

Visual quality description

9

Excellent - essentially free from defects.

7

Good - minor defects; not obiectionable.

5

Fair - slicjhtlv to moderately obiectionable
defects, lower limit of acceptability.

3

Poor - excessive defects, limit of
acceptability.

1

Extremely noor - not usable.
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Table 3.

Rating scale for decay

Score

Decay description

9

None

7

Slicrht - sliahtlv obiectionable, may
impair acceptability.

5

Moderate - obiectionable, definitely impairs
acceptability.

3

Severe - salvacreable. but normally not
acceptable.

1

Extreme - not usable.
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Table 4.

Rating scale for wilting

Score

Wilting description

9

None

7

Slicrht - not obiectionable. turcror can
be restored with ice/water bath.

5

Moderate - becomincr obiectionable. turcror may
be restored with ice/water bath.

3

Severe - definitely obiectionable.

1

Extreme - not acceotable under normal
conditions.

39

Table 5.

Score

Rating scale for yellow discoloration

Yellow discoloration description

9

None - fresh cut aooearance.

7

Sliaht - small amount of liaht vellow color,
may be objectionable.

5

Moderate - liaht vellow color becomina
objectionable.

3

Severe - briaht vellow color definitelv
objectionable.

1

Extreme - not acceptable.
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were collected from the atmosphere in each packaged sample
three times weekly, and actual C02 concentrations
determined.

Two air samples of 0.5 m were drawn from the

bags by syringes through the film, but between the film and
product.

The syringe-produced holes were closed with tape

immediately after drawing the sample.

The two samples were

drawn from opposite ends of the bags in the leaf or root
mass area.

The C02 concentrations of the non-wrapped

treatments were considered to be the level found in the
refrigerated storage area.

The actual C02 concentrations

were reported as a percentage of gases in the atmosphere in
the bags or storage area.
Gas samples for the spinach and first experiment of
mustard were analyzed with a Gow Moc 750 Flame Ionization
Detector equipped with a Pora Pak Q (183 x 3.8 cm) column.
Temperature for the injector was maintained at 220C and at
H O C for the column.

Equipment failure terminated sampling

shortly after the second experiment of mustard had been
packaged and stored; therefore, C02 concentrations could not
be determined for this experiment.

Gas samples of mustard

from the third planting were analyzed with a Varian Model
3700 Gas Chromatograph equipped with an identical column to
the one previously mentioned.

Temperature for the injector

and column were maintained at 115C and 95C, respectively.
Quantitative color analysis was conducted on the second
and third mustard experiments.

Six replications were
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evaluated in each experiment.

Each bunch was cut into two

sections, with the smaller section consisting of roots and
larger stems being discarded.

The top of the remaining

leafy portion was trimmed, so only the main section of the
bunch would be used for the analysis.

The leaves were cut

into 30 mm slices and mixed thoroughly to obtain uniform and
homogeneous samples.

A 60 gm sample of leaves and 120 gm of

water were placed in a Waring blender and blended for 20
sec.

The additional water was necessary to facilitate

blending of the mustard leaves.

A portion (50 ml) of the

blended mustard was poured into the colorimeter cup and
allowed to set undisturbed for 75 seconds.
Since air bubbles can affect light refractions, a
preliminary experiment was performed by the author to
determine the length of time the blended sample must set
before color values of the mustard would not be affected.
Color values for 12 samples were recorded after the blended
samples had set for 0.5, 1, 1.5, 2, and 90 minutes.

Values

recorded after the mustard samples had set for 2 and 90
minutes were not statistically different from values
recorded for mustard that had set for only 75 sec.
The color readings were taken on a Gardner XL-23
Colorimeter using a modified beam.

The beam was

standardized to the green plate with values of 44.62, 37.92,
and 44.39 for X, Y, and Z, respectively.
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To determine the effect of postharvest treatments on
flavor and organoleptic quality, the mustard in the first
and third experiments were transported to the Hammond
Research Station for taste evaluations.

The mustard was

stored overnight in a 4C cooler and prepared the next day.
The leafy half of one bunch from each treatment was cleaned,
and discolored and damaged leaves were removed.

The sample

was then cut into 25 mm squares and triple-rinsed in tap
water.

For the first planting, the samples were cooked for

10 minutes in a 650 watt microwave oven.

For the third

planting, the mustard, with 250 ml of water added, was
cooked over an electric burner for 15 minutes.

The samples

were drained and allowed to cool completely before being
tasted.

No seasonings were added to the samples. The score

sheet provided for the taste panel is listed in Table 6.
Between evaluating samples, panel members were instructed to
drink water and eat crackers.
Data collected was analyzed utilizing the PC version of
the SAS System (SAS Institute Inc., Cary, NC).

Analysis of

variance and Least Square Means tests were used to compare
treatment means for all parameters recorded.

Table 6.

Score Sheet .for evaluating cooked mustard greens.

Date:

Name:

Please judge all samples for color and enter the score for all
samples before you begin tasting. Drink: water and eat crackers
before you begin tasting and between all samples.
TENDERNESS
8-Extremely tender
7-Very tender
6-Moderately tender
5-Slightly tender
4-Slightly tough
3-Moderately tough
2-Very tough
1-Extremely tough

OVERALL ACCEPTABILITY
8-Extremely acceptable
7-Very acceptable
6-Acceptable
5-Moderately acceptable
4-Slightly acceptable
3-Slightly unacceptable
2-Moderately unacceptable
1-Unacceptable

BITTERNESS/OFF FLAVORS
8-Extremely sweet
7-Very sweet
6-Moderately sweet
5-Slightly sweet
4-Slightly bitter
3-Moderately bitter
2-Very bitter
1-Extremely bitter
Sample
No.

Tenderness

FLAVOR
7-Like extremely
6-Like moderately
5-Like slightly
4-Neither like or
dislike
3-dislike slightly
2-dislike moderately
1-dislike extremely

COLOR
6-Dark green
5-Green
4-Light green.
3-Lt. yellow green
2-Yellow green
1-Yellow

Color

Flavor

Bitterness

Overall
Accept.

Thank you. Please indicate if you eat mustard greens as part of
your normal diet? yes_______ no_____
Comments: (Refer to sample by code number)
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RESULTS AND DISCUSSION

Spinach Experiment
The spinach experiment was conducted as a preliminary
investigation to establish methodology for the postharvest
research on mustard and as a comparison response of another
leafy vegetable to packaging.
Weight Loss
There were highly significant differences in percentage
weight loss of spinach in different package types stored for
20 days at 1 and 4C, and stored for 7 days at 15C (Table 7).
Regardless of package type, storage of spinach at 15C was
terminated after 7 days due to a high incidence of decay,
wilt, and yellowing that made the commodity unacceptable.
Weight losses were higher for spinach in all package types
stored for 4C as compared with spinach stored at 1C.

Other

researchers have shown that increasing storage temperature
accelerates the respiration and transpiration rates
resulting in higher losses in weight (Hardenburg, 1949;
Hardenburg, 1971? Weichmann, 1987).
Spinach packaged in perforated bags generally had the
highest percentage weight loss as compared with spinach
packaged in Cryovac 60 and Cryovac 100 films, irrespective
of storage temperature.

This difference in weight loss was

due to the nature of the packages in alleviating water
stress.

Greens keep best under a relative humidity of 95%.
44
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Table 7.

Weight loss (%) of spinach in different package
types stored at 1, 4, and 15C

Davs in storaae 1
10
14
17

Package
Type

Storage
Temp.

Perforated

1C
4C
15C

0.77
1.10
2.97

1.12
1.73
5.60

1.42
2.00
___ 2

1C
4C
15C

0.07
0.14
0.25

0.11
0.38
0.60

0.13
0.51

0.25
0.65

“

—

1C
4C
15C

0.02
0.10
1.27

0.06
0.32
1.28

49.36

19.44

Cryovac 60

Cryovac 100

C.V.3

3

Factorial. effects
Package type (P)
Temperature (T)
P*T interaction

7

—

—

1.98
2.66

2.42
3.08

2.95
3.79

—

—

—

-------

—

—

—

0.36
0.77

—

0.48
0.91
—

—

—

0.17
0.57

0.20
0.80

0.21
0.89

—

—

—

----------

—

17.01

—

17.69

-------

14.82

14.16

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

* *

Shamrock
12/7/88
2/28/89

—

0.14
0.42

*Data are means of eight replicates. Weight loss is a
percentage of initial weight.
Indicates sample was not stored at this date.
Coefficient of variation.
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

20
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Within a film package, the humidity can rapidly build up and
may approach 100% (Hardenburg,
1978).

1949;

Van den Berg and Lentz,

The Cryovac films provided a greater barrier for

diffusion of water vapor than the perforated bags, and
therefore contributed to a water-saturated atmosphere (WSA)
in the package.

Perforations in a package do not offer a

barrier to diffusion of water vapor.

Smittle and Hayes

(1987) reported that weight loss of snap beans packaged in
perforated bags increased as the number of perforations in
the bags increased.

A highly significant interaction

between package types and storage temperatures was detected
at each sampling date.
There was a linear increase in percentage weight loss
of spinach in perforated bags as the number of days in
storage increased (Figure 1).

This increased weight loss

over storage time for mustard stored in perforated bags, but
not exhibited in mustard stored in the Cryovac films, was
associated with the diffusion of water vapor through the
perforations and consequential reduction in RH in the
perforated packages.

Salunkhe and Desai (1974) stated there

exists a gradient that impels moisture to move from the
humid interior of the leaf tissue and atmosphere of the
package to the relatively dry outside atmosphere.

After 20

days of storage, spinach in perforated packages exhibited
weight losses of nearly 3%, while weight losses of spinach
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1.

Weight loss (%) of spinach in perforated (+),
Cryovac 60 (*), and Cryovac 100 (x) packages
stored at 1C for 3, 7, 10, 14, 17, and 20 days.
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in both Cryovac films were less than 0.5% of the initial
weight and increased only nominally with storage time.
Spinach in the perforated packages lost close to 4% of
its initial weight by the 20th day in storage at 4C
(Figure 2).

Van den Berg and Lentz (1978) indicated that

with leafy vegetables, a weight loss of 3-4% becomes
noticeable (outside leaves wilted) and trimming is required
to enhance acceptability.

According to Ben-Yehoshua (1987),

the maximum permissible weight loss for spinach, at which
the commodity becomes unacceptable, is 3%.

Visual ratings

by the author (Table 4) favored a 3-4% loss of initial
weight as acceptable for spinach and a 4-5% loss of initial
weight as acceptable for mustard greens.
Weight loss percentages were four times greater for
spinach packaged in Cryovac 60 and Cryovac 100 films stored
at 4C as compared with spinach in similar packages stored at
0C.

Van't Hoff rule states that within physiological

temperature range, the velocity of a biological reaction
increases two-three fold for every 10C rise in temperature
(Weichman, 1987).

Respiration and transpiration rates

increased with temperture, so weight loss was greater at the
higher temperatures.

Weight losses, however, were within

the acceptable range and did not rise above 1% of the
initial weight of the spinach for the entire storage period.
More variation in percentage weight loss was detected
among package type at the 15C storage temperature
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Weight loss (%) of spinach in perforated (+),
Cryovac 60 (*) , and Cryovac 100 (x) packages
stored at 4C for 3, 7, 10, 14, 17, and 20 days.
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(Figure 3).

Spinach packaged in perforated bags lost weight

rapidly and steadily when stored at 15C, due to moisture
loss through the perforations.

Water transmission through

the thicker Cryovac 100 film was reported as less than
similar transmissions through the smaller-gauged Cryovac 60
film (Thompson, 1988), but spinach packaged in Cryovac 60
lost less weight than spinach in any other package type.
Differences between spinach in Cryovac 100 and Cryovac 60
films were not significant.

Carbon Dioxide Production
The C02 concentration in the atmosphere of the bagged
greens was measured to indicate the effect the different
packaging types and storage temperatures on the respiration
rate of the greens.

Slowing the rate of deterioration of

vegetables has been linked with lowering the respiratory
activity.

Since C02 is a product of respiration, C02 acts

as a competitive inhibitor of aerobic respiration.

As C02

concentration (up to 20%) increases, moisture and substrate
loss of the product is reduced (Weichmann, 1987;
Stutte, 1989).
The actual C02 concentrations in the atmosphere within
the different package types of spinach stored at 1, 4, and
15C were low (less than 3.5%) and did not reach levels that
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Weight loss (%) of spinach in perforated (+),
Cryovac 60 (*), and Cryovac 100 (x) packages
stored at 15C for 3 and 7 days.
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may be considered harmful or beneficial (Table 8).

An

atmosphere enriched with 10% C02 has been shown to retard
the yellowing of spinach, while maintaining the greens in
good condition for about 3 weeks at 5C (Salunkhe and Desai,
1984).

However, levels of C02 that may be considered

harmful to spinach have not been specifically established.
Highly significant differences in actual C02
concentrations were detected among package types and among
storage temperatures for most storage days.

Temperature did

not have a significant effect on C02 concentration of
packaged spinach, when measured after 3 days in storage.

At

this sampling date, respiration rate of the spinach had not
been affected by storage temperature, possibly due to the
short time the samples had been stored.

By the 7th day in

storage, however, differences in C02 concentrations between
spinach stored at 15C and spinach stored at 1C or 4C was
significantly different.

Spinach in the various packages

responded differently to storage temperatures from 7-20 days
of storage, as indicated by the highly-significant package
by temperature interactions.
The C02 concentrations in the packages were slightly
lower in the perforated packages of spinach held at 1C than
for spinach wrapped in the Cryovac films (Figure 4).
Concentrations of C02 were expected to be lower in the
perforated packages, since gas transmission occurred through
the perforations.

Tomkins (1962) and Smittle and Hayes
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Table 8.

Carbon dioxide concentration (%) in atmosphere
within different package types of spinach stored
at 1, 4, and 15C

Package
Type

Storage
Temp.

3

7

Perforated

1C
4C
15C

0.049
0.033
0.061

0.059
0.058
0.156

0.081
0.091

1C
4C
15C

0.416
0.289
0.289

0.269
0.195
3.236

0.387
0.223

1C
4C
15C

0.518
0.229
0.381

0.352
0.156
1.145

Cryovac 60

Cryovac 100

c .v .3

54.16

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

**
NS
NS

20.68

**
**
**

Davs in storaae1
10
14
17

--------

0.079
0.079

--------

0.062
0.072

—————

0.428
0.278

0.443
0.169

0.357
0.223

—

—

—

0.346
0.241

0.444
0.205

----

—

19.27

**
**
**

0.057
0.065

20

—

—

—

—

-------22.71

**
**

**

—

—

—

—

0.600
0.189

-------17.59

**
**
**

--------

—
—

Shamrock
12/7/88
2/28/89

—

0.427
0.203

-—

—

20.47

**
**
**

*Data are means of eight replicates,
indicates sample was not stored at this date.
Coefficient
of variation.
mc * *
.
.
.
«
•
•
•
' Nonsignificant or significant at P=0.01, respectively.
Cultivar:
Planted:
Harvested:

—
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Carbon dioxide concentration (%) of spinach in
perforated (+), Cryovac 60 (*), and Cryovac 100
(x) packages stored at 1C for 3, 7, 10, 14, 17,
and 20 days.
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(1987) demonstrated that in general, 02 increased and C02
decreased as the number of holes in a package increased.

In

the Cryovac films, gas transmission occurs through the film
and is directly related to thickness of the film and storage
temperature (Thomkins, 1962; Rij and Mackey, 1986).

A

slight drop in percentage of C02 occurred after spinach had
been stored for 7 days and a slight rise occurred after 17
days for treatments wrapped in Cryovac 60 and 100 films.
The C02 concentrations were less for spinach in Cryovac
packages types stored at 4C as opposed to those stored at
1C (Figure 5).

Since a rise in temperature is usually

accompanied by a rise in respiration rate, the lower rate at
4C was attributed to temperature effect on the permeability
of the films.

Concentrations were constant for all packaged

spinach throughout the storage period indicating the levels
of C02 and 02 had reached a steady state.

Several

researchers have found that gas transmission reached an
equilibrium rate within the first 8-24 hr and then remained
about constant for a given film and temperature (Rij and
Mackey, 1986; Forney et al., 1989).

Spinach in the

perforated bags had the lowest C02 concentration of all
films stored at 4C as gas transmission through the
perforations was about equal to C02 production through
respiration.
significant.

Differences between Cryovac films were not

c o n c e n tr a ti o n

(5S>

56

cjioxide

0.9

0.7

Carbon

0.4

0.2

0.0
3

7

10

14

17

20

No. of days in storage

Figure

5.

Carbon dioxide concentration (%) of spinach in
perforated (+), Cryovac 60 (*), and Cryovac 100
(x) packages stored at 4C for 3, 7, 10, 14, 17,
and 20 days.
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C02 concentrations reached 3% after 7 days of storage
at 15C for spinach in the Cryovac 60 packages, while
atmosphere surrounding spinach packaged in Cryovac 100 film
contained only 1% C02 (Figure 6) .

The Cryovac 100 film is a

heavier gauge film than Cryovac 60 and has a lower
transmission rate, so C02 concentrations would be expected
to be lower in packages of the 60-gauge film than the 100gauge film.

A possible explanation for this occurrence

could be the pin-sized holes developed in the seams during
shrinkage, which would allow gas transmission through other
means than through the films.

Also, gas transmission rates

through other films have been reported to be highly
temperature dependent (Rij and Mackey, 1986).

Quality Parameters
Package type did not have a significant effect on
visual quality parameters of overall appearance, wilt, and
yellowing, but affected the incidence of decay significantly
(Table 9).

Package by temperature interactions were

significant for all quality parameters at the 0.05 or 0.01%
level.

Storage temperature had a highly significant effect

on quality.
After 20 days of storage at 1C, spinach in all packages
had excellent appearance with no decay, wilt, or yellowing
present.

Spinach stored at 4C for a similar time period

r
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Carbon dioxide concentration (%) of spinach in
perforated (+), Cryovac 60 (*), and Cryovac 100
(x) packages stored at 15C for 3, 7, 10, 14, 17,
and 20 days.
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Table 9.

Visual quality of spinach in different package
types stored at 1, 4, and 15C

Package
Type

Storage
Temp.

No. Days
Stored

Visual Oualitv Parameters1
Appear. Decay
Wilt Yellow

Perforated

1C
4C
15C

20
20
10

9.0
9.0
7.0

9.0
9.0
8.0

9.0
7.0
4.0

9.0
7.5
6.0

Cryovac 60

1C
4C
15C

20
20
10

9.0
9.0
7.0

9.0
9.0
3.0

9.0
9.0
3.0

9.0
7.5
5.0

Cryovac 100

1C
4C
15C

20
20
10

9.0
9.0
5.0

9.0
9.0
3.0

9.0
9.0
3.0

9.0
9.0
6.0

67.6

7.5

5.6

7.7

**
**
**

**
**
**

NS
**
**

**
**
**

C.V.2
Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

JData are means of eight replicates. Overall appearance,
decay, wilting, and yellowing rated on a scale of 9 to 1,
where 9 represents excellent appearance and quality.
2Cg^fficient of variation.
NS’ Nonsignificant or significant at P=0.01, respectively.
Cultivar:
Planted:
Harvested:

Shamrock
12/7/88
2/28/89
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exhibited a small amount of yellowing in the perforated and
Cryovac 60 packages, which detracted slightly from product
acceptability.
Quality deteriorated rapidly in packaged spinach stored
at 15C (Figure 7).

As reported by Hardenburg (1971),

refrigeration effectively retarded respiration and slowed
metabolism, hence loss of moisture and substrates in greens
stored at the higher temperature would be greater than
losses at 1 or 4C.

Spinach in perforated or Cryovac 60 film

had the best overall appearance after 7 days of storage with
only minor defects detected, while appearance of spinach
wrapped in Cryovac 100 film was at the lower limit of sales
appeal.

Decay, predominantly bacterial soft rot (BSR), was

most severe in spinach wrapped in the Cryovac films; only
slight decay was noted in perforated-packaged spinach.
Within the closed packages, RH often becomes very high,
making conditions favorable for growth of microorganism and
development of decay, particularly when temperatures are
warm (Hardenburg, 1971; Ben-Yehoshua, 1985; Smith et al.,
1987) .

Spinach in the perforated bags had a slightly better

rating for wilt than spinach packaged in Cryovac 60 or 100
films.

Physical injury, such as decay, greatly accelerates

the rate of water loss from vegetable tissue (Salunkhe and
Desai, 1984), which would indicate why the wilt indexes of
mustard in the Cryovac films were higher.

Wilt indexes of
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spinach in all the bags indicated acceptability had been
greatly reduced.
Yellow discoloration appeared to be more of a
temperature effect (as respiration rates increased) than a
packaging effect, since differences between spinach in
package types were not significant at 15C.

The higher

respiration rate found in greens stored at 15C, coupled with
storage in the dark, was sufficient to deplete chlorophyll
content of the greens.

Mustard Experiments
Three mustard experiments were conducted during the
fall, early spring, and late spring.

Data for the three

mustard experiments were combined and analyzed over planting
dates.

The combined analysis will be examined in the

following discussion.

The data and analysis of each mustard

experiment by individual planting date are listed in the
appendix.
Packaged mustard was stored for 12 days at 1C and 4C
and for 5 days at 15C.

Non-bagged mustard was stored for

3 days at all temperatures.

Weight Loss
Weight loss (reported as percentage of initial weight)
of mustard stored for 3, 5, 7, 10, 12 days varied with
packaging type and storage temperature (Table 10).

Highly
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Table 10. Weight loss (%) of mustard greens in different
package types stored at 1, 4, and 15C averaged
over three experiments

Package
Type
Not Bagged

Storage
Temp.

3

Davs in storaae1
5
7
10

12

___ 2

-n,_ _ _

_____

------

---

-----

-----

1C
4C
15C

5.67
10.86
8.23

10.61
26.90

Perforated

1C
4C
15C

0.49
1.17
0.87

0.68
1.64
1.66

1.17
2.24
3.36

1.48
3.14
---

1.84
4.31
---

Cryovac 60

1C
4C
15C

0.05
0.10
0.09

0.13
0.17
0.33

0.21
0.12
0.51

0.31
0.34

0.35
0.21

------

— ----

1C
4C
15C

0.03
0.03
0.13

0.10
0.08
0.27

0.16
0.17
0.46

0.22
0.27

0.19
0.36

——— —

------

82.67

45.31

58.57

55.60

56.72

Cryovac 100

C.V.3
Factorial effects
Package type (P)
Temperature (T)
P*T interaction

—

—

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

**

*Data are means of 24 observations. Weight loss is a
percentage of initial weight.
Indicates sample was not stored at this date.
Coefficient of variation
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89 (Ml)
3/3 and 3/10/89 (M2)
1/11 and 1/17/90 (M3)
4/7/89 (Ml)
4/28, 5/3, and 5/8/89 (M2)
3/12, 3/16 and 3/19/90 (M3)
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significant differences were detected among package types
and storage temperatures, and in package by temperature
interactions.
Highest percentage weight loss occurred in the
non-bagged mustard over all storage temperatures.

Without

the protective film of a package to serve as a barrier,
water loss through transpiration was rapid in the non-bagged
mustard.

One of the most important advantages of packaging

of fruits and vegetables is reduction in weight loss due to
the higher RH in the atmosphere surrounding the commodity
(Risse et al., 1983).
Among packaged treatments, weight loss was highest for
mustard in the perforated packages.

Since water vapor

passed through the holes in the perforated bags with little
restriction, the RH in the perforated packages was not as
high as the water saturated atmosphere produced in the
Cryovac films.

The perforated packages, however, offered

some resistant to moisture loss, since mustard in perforated
packages lost less weight than mustard stored not-wrapped.
The Cryovac films offered the greatest resistance to water
vapor transmission, allowing a high RH in the package
atmosphere to develop, thereby reducing transpiration of the
mustard.
Weight loss percentages increased for all mustard as
storage temperature increased.

Respiration and
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transpiration rates increased in response to the higher
temperatures, causing higher weight losses in the mustard.
Mustard not-bagged lost more weight when stored at 4C than
non-bagged mustard stored at 1C or 15C.

Mustard not-bagged

stored at 4C lost 5% and 3% more weight than similar
treatments stored at 1C and 15C, respectively.

The higher

weight loss of mustard in 4C storage was possibly due to a
drop in the RH of the storage room atmosphere, which would
mitigate the effect of storing the greens at a lower
temperature.
Weight loss of mustard, regardless of package type,
increased as duration of storage increased.

Refrigeration

and packaging can reduce the respiration rate of fruit and
vegetables, but the commodity will continue to respire and
lose weight until cell death occurs (Salunkhe and Desai,
1984) .
Differences in weight loss among bagged treatments were
not as great as differences between bagged and non-bagged
mustard at a storage temperature of 1C.

All of the packages

provided a barrier to water vapor transmission, which
reduced moisture loss in the stored product.

Mustard

not-bagged lost almost 6% of initial weight after 3 days of
storage and over 10% by 7 days of storage.

In contrast,

bagged greens lost less than 2% of initial weight when
stored for 12 days.
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Due to the lower RH in the atmosphere in perforated
bags, mustard in perforated bags lost 6 and 9 times greater
percentage of initial weight than greens packed in the
Cryovac 60 and Cryovac 100 films, respectively.

Weight loss

of mustard in all package types, however, was within the
acceptable range for good quality.
A linear increase in weight loss occurred as storage
duration increased for mustard not-bagged and in perforated
bags.

Resistance to water vapor transmission in the

perforated bags was low due to the presence of holes in the
film and no resistance was present in the non-wrapped
mustard, so water loss occurred over the length of storage.
Due to the water-saturated atmosphere maintained in the
Cryovac packages, variations in weight loss for Cryovacwrapped mustard was minimal over storage time and ranged
from 0.05% at 3 days to 0.35% after 12 days in storage.
A similar response was found with mustard in all
package types stored at 4C, though percentage weight loss
was higher in all treatments as compared with 1C storage.
Percentage weight loss of non-bagged mustard was
unacceptable due to wilt after only 3 days in storage.
Perforated-packaged mustard had weight losses of over 4%
after 10 days of storage, but acceptability was maintained.
Mustard wrapped in Cryovac films exhibited weight loss of
less than 0.36%.
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After 5 days of storage at 15C, percentage weight loss
of bagged mustard was less than 4%.

The experiments were

terminated at this time due to excessive decay and yellow
discoloration of the greens.

Non-wrapped mustard lost 8% of

its initial weight by 3 days of storage, and ensuing wilt
was considered severe and objectionable.

Carbon Dioxide Production
Modifying the atmosphere surrounding a fruit or
vegetable has been an effective means of prolonging storage
life for a number of commodities by reducing respiration
rate of the commodity (Salunkhe and Desai, 1974).
Successfully modifying the atmosphere requires that the
atmosphere surrounding the fruit contains elevated C02
and/or reduced 02 concentrations.

The C02 concentrations in

atmosphere in different package types of mustard were low
(less than 1.5%) in these experiments (Table 11), and may
not have been effective in reducing respiration rates.

One

researcher suggested that some of the benefits attributed to
controlled-atmosphere storage for leafy vegetables was
likely due to higher humidities within the enclosed chambers
than around the samples in room air (Loughheed, 1987).
Lower and upper limits of beneficial and injurious
levels of C02 for mustard or other greens crops have not
been established, though an atmosphere enriched with 10% C02
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Table 11. Carbon dioxide concentration (%) in atmosphere
within different package types of mustard greens
stored at 1, 4, and 15C averaged over two
experiments

Package
Type
Perforated

Cryovac 60

Cryovac 100

Davs in storaae1
7
5

Storage
Temp.

3

1C
4C
15C

0.074
0.087
0.167

0.084
0.105
0.184

0.076
0.111
__ __2

1C
4C
15C

0.242
0.451
0.656

0.236
0.399
0.728

0.238
0.307
-- —

1C
4C
15C

0.316
0.277
0.577

0.292
0.255
0.649

0.250
0.227
— ---

64.18

C.V.3
Factorial effects
Package type (P)
Temperature (T)
P*T interaction

**
**
*

70.58
**
**

*

29.67
**
NS
*

10
0.099
0.998
----

0.242
0.367
----

0.354
0.231
----

25.91
**
NS
**

*Data are means of twelve observations,
indicates sample was not stored at this date.
3Cg^£ficient of variation
NS' ’ Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89 (Ml)
1/11 and 1/17/90 (M3)
4/7/89 (Ml)
3/12, 3/16, and 3/19/90 (M3)
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has been shown to reduce yellowing in spinach (Salunkhe and
Desai, 1984).

Other Brassica crops, such as broccoli,

cauliflower, and cabbage, produced off-flavors or off-odors
at C02 levels of greater than 15, 5, and 5%, respectively
(Lougheed, 1987).
The atmosphere of each of the refrigerated storage
rooms was measured at each sampling date to establish C02
concentrations within each room at each temperature.

The

C02 concentrations within atmosphere of the storage rooms
remained constant over sampling date and differences in C02
concentrations among storage rooms were minimal.

Average

concentrations for 1, 4, and 15C storage areas were 0.076,
0.066, and 0.083, respectively, and were considered
inconsequential in affecting C02 concentrations in the
atmosphere within packaged mustard.
Package type had a highly significant effect on C02
concentration in the atmosphere within the package of
mustard at all sampling dates.

When mustard was stored for

3 and 5 days, temperature had a highly significant effect on
C02 concentration within the package.

Package by

temperature interaction was significant at 1 or 5% level at
all sampling dates.
The C02 concentrations in the perforated bags stored at
1C were lower for most sampling dates than the
concentrations found in packages made from the Cryovac
films, due to the method of gas transmission through the

70
packages.

The gases moved out of the perforated bags

through the holes in the film, whereas gas exchange in the
Cryovac films occurred through the film where resistance was
greater.
Concentrations of C02 in both Cryovac films dropped
slightly at 5 and 7 days in storage, a drop in percentage
C02 that was not detected in the atmosphere of perforated
bags.

The pattern may be associated with the typical

pattern of atmosphere equilibration that occurs in closed
film packages.

The typical pattern, as reported by Smith

et al. (1987), includes a rapid decline in 02 and increase
in C02, followed by elevation of 02 and decrease in C02 as
respiration rate is reduced by the modified atmosphere.
Atmosphere in the Cryovac 100 packages had a higher C02
concentration than packages of Cryovac 60 at 1C, because the
thicker Cryovac 100 film presented greater resistance to gas
transmission.

However, the atmosphere in packages of

Cryovac 60 stored at 4C had the higher C02 concentration
when compared with the atmosphere in Cryovac 100 packages,
possibly a result of a change in the permeability of the
film in response to temperature (Rij and Mackey, 1986).
There was a significant difference in C02 concen
trations of package types stored at 15C.

Concentrations

within perforated bags did not differ significantly from
similar bags stored at 1 and 4C, but remained below 0.2% C02
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for 3 and 5 days in storage.

Concentrations within Cryovac

packages were <1% at 5 days in storage.

Quality Parameters
Quality parameters of overall appearance, decay,
wilting, and yellow discoloration of mustard greens in
packages was visually rated at 0, 3, 5, 7, 10, and 12 days
in storage at 1 and 4C.

Quality of packaged mustard stored

at 15C was rated at 0, 3, and 7 days in storage.

Ratings

were recorded on 0 and 3 days in storage for non-bagged
mustard at all storage temperatures.

To facilitate

analyzing of parallel ratings, only quality assessments
recorded at the terminal date of storage for each treatment
are presented in Table 12.
Quality parameters of mustard were highly significantly
affected by package type.

Temperature also had a highly

significant affect on all quality parameters.

Interactions

between package and temperature were detected for general
appearance, decay, and wilt and were significant at 1%
level.
At a storage temperature of 1C, overall appearance,
amount of decay, and amount of wilt of packaged mustard
after 12 days of storage was good to excellent.

Yellow

discoloration was beginning to be exhibited among mustard in
packages at this date indicating a breakdown in the
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Table 12. Visual quality of mustard greens in different
package types stored at 1, 4, and 15C averaged
over three experiments

Package
Type

Storage
Temp.

No. Days
Stored

Visual Oualitv Parameters1
Appear. Decay
Wilt Yellow

Not Bagged

1C
4C
15C

3
3
3

8.3
6.4
6.9

9.0
8.9
8.9

8.1
6.2
6.6

8.6
8.5
6.9

Perforated

1C
4C
15C

12
12
5

8.6
7.3
3.3

8.5
7.6
5.6

8.9
8.2
7.8

8.2
7.0
2.9

Cryovac 60

1C
4C
15C

12
12
5

8.4
6.6
3.4

8.2
6.9
5.3

8.9
8.2
8.4

8.6
7.0
3.5

Cryovac 100

1C
4C
15C

12
12
5

8.4
7.4
3.5

8.2
7.1
4.8

8.9
8.7
8.4

8.6
7.3
3.6

24.4

14.3

12.6

17.7

**
**
**

**
**
**

**
**
**

**
**
**

C.V.2
Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

JData are means of 24 observations. Overall appearance,
decay, wilting, and yellowing rated on a scale of 9 to 1,
where 9 represents excellent appearance and quality.
Coefficient of variation.
Significant at P=0.01, respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89 (Ml)
3/3 and 3/10/89 (M2)
1/11 and 1/17/90 (M3)
4/7/89 (Ml)
4/28, 5/3, and 5/8/89 (M2)
3/12, 3/16, and 3/19/90 (M3)
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photosynthetic processes.

The largest amount was noted in

mustard in perforated bags after 12 days in storage, due to
the higher respiration rates found in mustard packaged in
non-sealed packages.

Mustard not-bagged also displayed

slight amount of yellow discoloration, but after only 3 days
in storage.

The overall appearance and wilt of non-bagged

mustard was becoming objectionable at this time, and
acceptability was reduced.

Decay was not a problem for any

package types stored at this temperature.
Ratings for all quality parameters were lower for
bagged and non-bagged mustard stored at 4C as compared to
mustard stored at 1C, due to increase in respiration rate
and subsequent metabolic activities in response to the
higher temperature.

Ratings for appearance and wilt for

non-bagged mustard were significantly lower at 4C than 1C.
By 5 days in storage, quality had decreased
significantly for mustard stored not-bagged or in packages
at 15C, due to the effect of higher respiration rates on
metabolic activity.

Appearance of packaged mustard was

considered fair, but appearance of non-bagged mustard was
considered poor.
Decay was significantly greater in packaged mustard as
compared with non-bagged mustard.

Decay was recognized by

light-yellow circular spots about .5 mm in diameter caused
by Alternaria fungi.

A Bacterial soft rot (wet, dark, and

foul-smelling rot) was also identified and was associated
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with the presence of a Bacillus strain of bacteria
(DiVittorio, 1989).

Smith et al. (1987) reported films with

low water vapor transmission rates can lead to problems in
some commodities due to the high RH condition in the pack
atmosphere, increasing the risk of pathological disorders.
Due to the higher RH in the package that alleviated
water stress, mustard in all packages had significantly less
wilt than mustard not-bagged.

Differences in wilt between

mustard stored in different packages was not significant.
Mustard stored in packages at 4C and 15C had
significantly more yellow discoloration than mustard stored
not-bagged at the same temperatures.

The predominance of

the yellow discoloration in mustard stored in packages
indicated that the low amount of C02 (<1%) present in the
atmosphere of the packages was insufficient for reducing
chlorophyll degradation.

Weichmann (1987) reported that the

chlorophyll content of green vegetables is maintained by
high C02 levels.

Gardner Color Analysis
Effects of package type and storage temperature on
quantitative color of stored mustard greens are presented in
Table 13.

Color determinations were made utilizing a

Gardner XL-23 Colorimeter and are reported in L, a, and b
values.

The L values are an indication of the darkness of

75

Table 13. Effect of package type and storage temperatures
on color of mustard greens averaged over two
experiments

No. Days
Stored

Gardner1
a

Package
Type

Storage
T

Not Bagged

1C
4C
15C

3
3
3

15.18
15.51
16.00

-6.66
-7.29
-7.53

8.50
9.81
11.12

Perforated

1C
4C
15C

12
12
5

14.51
15.90
19.25

-6.17
-6.58
-7.96

8.11
10.57
28.86

Cryovac 60

1C
4C
15C

12
12
5

14.82
15.43
19.50

-6.15
-6.13
-7.19

8.01
9.98
27.73

Cryovac 100

1C
4C
15C

12
12
5

14.64
15.54
18.00

-6.11
-6.33
-7.09

8.14
9.32
19.91

10.20

10.11

72.00

**
**
NS

NS
**
*

C.V.2
Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

L

*
**
**

b

JData are means of twelve observations.
2Cg^£ficient of variation
NSl ' Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
3/3 and 3/10/89 (M2)
1/11 and 1/17/90 (M3)
4/28, 5/3, and 5/8/89 (M2)
3/12, 3/16, and 3/19/90 (M3)
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the sample - the lower the value of L, the darker the color
of the sample.

The a values reflect the amount of green and

red color in the sample - the higher the negative value for
a given sample, the greater the amount of green color
present.
values.

Yellow and blue colors are reflected in the b
A higher value indicates more yellow in the sample.

Six samples of fresh mustard were analyzed to have a
means of associating color of stored mustard to color of
fresh mustard.

Values were not included in statistical

analysis of color for stored mustard.
Significant differences in Gardner L and a values were
detected among packaging types.

Storage temperature

significantly affected all Gardner values of stored mustard
greens.

Interactions between package and temperature were

detected for L and b values.
There were little differences in L values detected
between mustard not-bagged and bagged stored at 1 and 4C,
though values indicated mustard stored at 4C was lighter in
color.

Mustard stored not-bagged at 15C was darker in color

than mustard that was packaged.

More yellow discoloration

was noted in the visual color ratings for packaged mustard
stored at 15C than mustard stored not-bagged, which could
account for the higher L rating of packaged mustard.
Mustard bagged and not-bagged displayed a linear
increase in green color as storage temperature increased.
Package type did not significantly affect the amount of
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blue/yellow color in mustard stored at 1, 4, or 15C.
15C, a high respiration rate was occurring.

At

In the absence

of light, this would cause a depletion of chlorophyll in the
leaves.

It appears at the higher storage temperature the

accumulation of C02 in the atmosphere of the packages of
mustard was not sufficient to slow down the respiration rate
resulting in greater degradation of metabolic substrates,
hence higher yellow and less green color predominated in
packaged mustard as compared to non-wrapped mustard.

Sensory Evaluations
Sensory evaluations of packaged mustard after 12 days
in storage were comparable to sensory evaluations of
freshly-harvested mustard (Table 14).

Mustard in all

package types stored at 15C showed visible breakdown after 7
days and were not suitable for sensory evaluations.

Sensory

evaluations of mustard were not significantly affected
bypackage type at either 1 or 4C.

Storage temperature did

not significantly affect tenderness, color, flavor,
bitterness, or overall acceptability of the cooked product.
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Table 14. Sensory evaluations of mustard greens in different
package types stored at 1 and 4C averaged over
three experiments1

Package
Type

Temp.

Tender
ness
Color

Flavor

Bitter
ness

Overall
Accept
ability

Fresh

—

6.2

4.7

4.7

4.0

5.2

Not Bagged

1C
4C

6.2
6.2

5.7
5.7

5.0
4.7

5.0
5.0

6.2
6.2

Perforated

1C
4C

5.2
5.5

5.7
5.0

4.5
4.7

5.0
5.4

5.6
5.3

Cryovac 60

1C
4C

5.4
6.0

5.6
4.9

4.3
4.6

4.6
5.4

5.1
5.3

Cryovac 100

1C
4C

5.9
5.5

5.2
5.4

5.0
4.4

5.2
4.5

5.6
5.0

C.V.2
21.9
Factorial effects
NS
Package type (P)
Temperature (T)
NS
NS
P*T interaction

15.8

23.6

29. 0

18.5

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

Data are means of ten samplers. Non-bagged and packaged
mustard were stored for 3 and 11 days, respectively. Flavor
parameters rated on a scale of 8 to 1, where 8 represents
best quality.
Coefficient of variation
N
S
Nonsignificant.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89 (Ml)
1/11 and 1/17/90 (M3)
4/8/89 (Ml)
3/12, 3/16, 3/19/90 (M3)

SUMMARY

Effects on Weight Loss
Packaging mustard significantly reduced weight loss
over non-bagged greens at 1, 4, and 15C.

Reduction in

weight loss by packaging has been proven in citrus (BenYehoshua et al., 1979; Ben-Yehoshua et al., 1981), bell
pepper (Ben-Yehoshua et al., 1979; Miller et al., 1983),
cucumber (Elkashif et al. 1983; Risse et al., 1985),
broccoli (Elkashif et al., 1983; Forney et al., 1989),
eggplant (Risse and Miller, 1983), tomato (Risse and Miller,
1986), muskmelon (Lester and Bruton, 1986), okra (Fontenot
et al., 1987), Irish potato (Shetty et al., 1989), and sweet
corn (Risse and McDonald, 1990).

A barrier to water vapor

transmission was provided when mustard was wrapped in a
film.

The RH of the atmosphere surrounding the mustard

increased, respiration and transpiration decreased, hence
weight loss was reduced.
Packaged greens lost weight more slowly than non-bagged
greens.

Miller et al. (1986) stated a similar reaction

occurred with wrapped fruits of bell pepper and attributed
the reaction to the increase in RH surrounding the pepper
fruit in the packages over storage time.
Mustard and spinach wrapped in Cryovac 60 and Cryovac
100 films had less weight loss than greens stored in
perforated bags.

The holes in the perforated bags provided
79
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little resistance to transmission of water vapor (Smittle
and Hayes, 1987), hence RH in atmosphere of the perforated
bags was lower than RH in the atmosphere of the Cryovac
packages.

Weight loss was <1% for greens packaged in

Cryovac 60 and Cryovac 100 films.
No significant differences in weight loss could be
attributed to film thickness, though water vapor
transmission rates reported for the Cryovac 100 film were
lower than those reported for the 60-gauge film.

Difference

in water vapor transmission of the Cryovac films was
apparently not sufficient to affect the RH in the atmosphere
of the packages.
Weight loss was higher for mustard, not-bagged and
bagged, stored at 4 and 15C than mustard stored at 1C.
Elkashif et al. (1983) reported perforated and non-wrapped
broccoli showed a steady increase in weight loss as
temperature increased due to the increased respiration rates
detected at the higher temperatures.
Weight loss of greens wrapped in Cryovac film did not
vary as widely as did weight loss of greens in the other
packages in response to storage temperature.

The water

saturated atmosphere that developed in the Cyovac packages
moderated the effect of storage temperature on the
respiration and transpiration rates (Ben-Yeshohua et al.,
1983), hence the effect of temperature on weight loss was
reduced.

There was a linear response in percentage weight loss
of greens not-bagged and in perforated bags as number of
days in storage increased.

Holes in the perforated packages

and not-bagging provided less resistance to water vapor
transmission than the Cryovac films resulting in lower RH
surrounding the mustard.

Weight loss of greens in Cryovac

films was generally constant for the duration pf storage due
to the effect of water saturated atmosphere in reducing
respiration.

Effects on In-packaae C02 Concentrations
The C02 concentration in the atmosphere of the packages
indicated the effect of packaging and storage temperature on
the respiration rate of greens.

Since C02 is a product of

respiration, measuring the concentration in the atmosphere
of the package gives an indication of the respiration rate
of the greens.

As C02 concentrations in the atmosphere of

the packages increases, the respiratory activity decreases
and moisture and substrate loss of the product is reduced
(Weichmann, 1987; Stutte, 1989).
Package type had a highly significant effect on C02
concentration in atmosphere within packages.

The C02

concentrations were higher for greens packaged in Cryovac
films than greens in perforated bags.

Tomkins (1962) and

Smith et al. (1987) reported the C02 concentration in the
atmosphere of a perforated bag decreased as the number of
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perforations increased.

Gas exchange in the perforated

packages occurred through the perforations.

Gas

transmission occurred through the Cryovac films, which
provided a greater barrier to the diffusion of C02.
The increase in C02 in the atmosphere of the Cryovac
packages brought about by resistance of the film to the
diffusion of gas, however, was counteracted by inhibition of
the respiratory activity (Ben-Yehoshua, 1985).

Hence, even

if the C02 concentration in the atmosphere surrounding the
mustard in the perforated packages was lower than for
mustard in the Cryovac films, respiratory activity was
presumably lower for mustard wrapped in Cryovac films.
The C02 concentrations increased when packaged greens
were stored at 15C, as respiratory activity of the mustard
increased in response to the higher temperature.

Several

researchers have reported that 02 and C02 concentrations
within wraps depended on both film permeability and storage
temperature (Tomkins, 1962; Bussel and Kinigsberger, 1975;
Smittle and Hayes, 1987).

The thicker Cryovac film provided

more resistance to gas transmission and exhibited higher C02
concentrations in the atmosphere of the bag.
Concentration of C02 was constant over storage time
indicating that the rate of mustard respiration was equal to
the rate of 02 permeation into the package and C02
permeation out of the package.

Forney et al. (1989)
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referred to this as a steady state, which is reached within
24 hr after a package is sealed.

Effects on Visual Quality
Quality of greens, bagged and not-bagged, was good to
excellent when stored at 1C or 4C, but packaging mustard
increased the length of time the mustard could be stored,
while maintaining leaf color and turgor.

Increased RH

surrounding mustard in packages contributed to a decreased
respiration and transpiration rate (Hardenburg, 1971), which
allowed longer storage of packaged mustard.

Quality of

bagged mustard was excellent after 12 days- in storage, while
quality of non-bagged mustard was excellent after 3 days of
storage at 1 or 4C.
Packaged greens stored at 15C were significantly lower
in overall appearance, decay, and yellow discoloration than
packaged greens stored at 1 and 4C.

The higher RH

surrounding mustard in the packages was not sufficient to
moderate the increased respiration rates due to the higher
storage temperature.

Packaging increased the incidence of

decay at 15C due to the higher humidity in the package,
which provided a favorable environment for growth of
microorganisms.

Packaging did not improve the overall

appearance of mustard stored at 15C over non-bagged mustard.
Wilt was not a problem for mustard, bagged and
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not-bagged stored at 15C, probably due to the short storage
time of non-bagged mustard.

Effects on Sensory Evaluations
Flavor and quality of cooked mustard was not
significantly affected by package type at either 1 or 4C.
Sensory evaluations of mustard stored for 3 days
(not-bagged) and 9 or 12 days (packaged) were comparable to
freshly-harvested mustard.

Mustard stored at 15C showed

visible breakdown after 7 days and was not suitable for
sensory evaluations.

Effect on length of storage and storage temperature
Packaging mustard increased the amount of time the
greens could be stored at 1 and 4C by three-fold, while
maintaining excellent to good quality.

Packaging increased

the RH in the atmosphere surrounding the mustard, thereby
reducing the high respiration and transpiration losses
associated with storing a leafy vegetable.

Average storage

time for non-bagged mustard was 3 days; average storage time
for packaged mustard was 11 days.
Quality of mustard stored at 15C was poor for
non-bagged and bagged mustard after only 5 days of storage.
Packaging was detrimental at the higher storage temperature
and increased the severity of decay and yellow discoloration
of mustard and spinach stored at 15C.

Though packaging
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mustard provided a barrier to water vapor and gas
transmission, it did not mitigate the effect of higher
storage temperature on the respiration rate of the stored
product.

Packaging the greens did not increase the storage

temperature acceptable for maintaining quality of mustard or
spinach.

APPENDIX
Tables for Individual Mustard Experiments
Table l.

Weight loss (%) of mustard greens in different
package types stored at 1, 4, and 15C (Ml-first
experiment)

Package
Type

Storage
Temp.

Davs in storaae1
5
7
10

3

___ 2
-----

_ „ -i.
-----

-----

0.34
2.20
1.44

0.80
3.24
—--

1.30
4.35
---

1.76
5.63
---

0.02
0.07
0.18

0.14
0.12
0.31

0.14
0.16
-- —

0.24
0.25
---

0.24
0.30
-- —

0.02
0.11
0.19

0.06
0.17
0.32

0.07
0.27
— -

0.11
0.46
---

0.13
0.56
---

**
**
**

**
**

**
**
**

1C
4C
15C

7.94
20.84
11.01

10.60
26.96
----

Perforated

1C
4C
15C

1.12
1.67
0.94

Cryovac 60

1C
4C
15C

Cryovac 100

1C
4C
15C

Not Bagged

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

**
**
**

**
**
**

**

*Data are means of eight replicates. Weight loss is a
percentage of initial weight.
indicates sample was not stored at this date.
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

12

Florida Broadleaf
1/26/89
4/8/89
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Table 2.

Carbon dioxide concentration (%) in atmosphere
within different package types of mustard greens
stored at 1, 4, and 15C (Ml-first experiment)

Package
Type

Davs in storaae1
5
1
10

Storage
Temp.

3

Perforated

1C
4C
15C

1.079
0.085
0.116

0.095
0.093
0.158

0.076
0.080

0.146
0.130
----

0.102
0. 086
----

Cryovac 60

1C
4C
15C

0.143
0.584
1.206

0.054
0.420
1.447

0.134
0.164
----

0.217
0. 332
—---

0.312
0.519
----

Cryovac 100

1C
4C
15C

0.272
0.265
0.855

0.313
0.220
1.014

0.209
0.166

0.304
0.183

—

— — — — —

0.548
0.276
—---

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

**
**
**

**
**
**

———

**
NS
NS

**
NS
*

*Data are means of eight replicates.
2I$(y.cates sample was not stored at this date.
NS’ ' Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89
4/8/89

12

**
NS
**
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Table 3.

Visual quality of mustard greens in different
package types stored at 1, 4, and 15C (Ml-first
experiment)

Package
Type

Storage
Temp.

No. Days
Stored

Visual Oualitv Parameters1
Wilt Yellow
Appear. Decay

Not Bagged

1C
4C
15C

5
5
5

5.7
4.7
3.0

9.0
8.5
9.0

5.0
3.2
3.0

7.0
7.0
3.0

Perforated

1C
4C
15C

12
12
7

9.0
8.7
4.7

8.7
9.0
6.2

8.5
9.0
9.0

7.0
8.5
8.5

Cryovac 60

1C
4C
15C

12
12
7

8.7
8.7
5.0

9.0
9.0
6.7

8.5
8.7
9.0

8.5
8.0
5.0

Cryovac 100

1C
4C
15C

12
12
7

9.0
9.0
5.0

9.0
8.7
5.7

8.7
9.0
9.0

8.0
8.0
4.0

**
**
**

**
**
**

**
NS
**

*
**
NS

Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

!Data are means of eight replicates. Overall appearance,
decay, wilting, and yellow discoloration rated on a scale of
9 JtpA 1, where 9 represents excellent appearance and quality.
NS' ' Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89
4/8/89
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Table 4.

Sensory evaluations of mustard greens in different
package types stored at 1 and 4C (Ml-first
experiment)1

Package
Type

Temp.

Tender
ness
Color

Flavor

Bitter
ness

Overall
Accept
ability

Fresh

—

5.5

5.0

4.7

4.3

5.2

Perforated

1C
4C

4.8
5.5

5.7
4.8

4.5
4.8

5.0
5.8

5.3
5.3

Cryovac 60

1C
4C

4.8
5.8

5.6
4.8

3.8
4.5

4.7
5.7

4.8
4.8

Cryovac 100

1C
4C

5.5
5.0

5.0
5.1

5.2
4.0

5.7
4.7

5.5
4.5

NS
NS
NS

NS
**
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

xData are means of six samplers. Packaged treatments were
stored for 12 days. Flavor parameters rated on a scale of 8
to^l, where 8 represents best quality.
NS' Nonsignificant or significant at P=0.01, respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/26/89
4/8/89
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Table 5.

Weight loss (%) of mustard greens in different
package types stored at 1, 4, and 15C (M2-second
experiment)

Package
Type
Not Bagged

Perforated

Cryovac 60

Cryovac 100

Storage
Temp.

Davs in storaae1
5
7
10

3

___ 2
---

---

——

—

1C
4C
15C

5.02
11.01
10.03

1C
4C
15C

0.75
1.01
1.09

0.82
1.38
2.44

1.36
1.98
3.36

1C
4C
15C

0.03
0.11
0.12

0.06
0.19
0.33

0.20
0.29
0.51

1C
4C
15C

0.02
0.01
0.12

0.04
0.04
0.29

**
**
**

**
**
**

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

—

_ _ _ _

■ ---------------

---------------

---------------

---------------

1.65
3.15

1.87
3.66

---------------

---------------

0.33
0.40

0.41
0.52

---------------

---------------

0.11
0.12
0.46

0.19
0.19

0.23
0.25

---------------

---------------

**
**
**

**
**
**

**
**
**

—

*Data are means of eight replicates. Weight loss is a
percentage of initial weight.
indicates sample was not stored at this date.
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
3/3 and 3/10/89
4/28, 5/3, and 5/8/89
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Table 6.

Visual quality of mustard greens in different
package types stored at 1, 4, and 15C (M2-second
experiment)

Package
Type

Storage
Temp.

No . Days
Stored

Visual Quality Parameters1
Appear. Decay
Wilt Yelloi

Not Bagged

1C
4C
15C

3
3
3

9.0
6.7
7.9

9.0
9.0
9.0

9.0
5.7
7.0

8.9
9.0
8.4

Perforated

1C
4C
15C

12
12
7

8.5
6.0
3.0

8.2
7.1
5.1

9.0
7.2
7.0

8.5
6.0
3.2

Cryovac 60

1C
4C
15C

12
12
7

8.0
4.1
2.9

8.0
5.0
5.2

9.0
7.2
8.0

8.4
5.4
3.1

Cryovac 100

1C
4C
15C

12
12
7

8.2
5.6
2.9

8.4
5.6
4.2

9.0
8.2
8.0

8.5
6.0
3.4

**
**
**

**
**
**

**
**
**

**
**
**

Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

*Data are means of eight replicates. Overall appearance,
decay, wilting, and yellowing rated on a scale of 9 to 1,
jjhere 9 represents excellent appearance and quality.
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
3/3 and 3/10/89
4/28, 5/3, and 5/8/89
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Table 7.

Effect of package type and storage temperature on
color of mustard greens (M2-second experiment)

Package
Type

Storage
Temp.

L

Gardner1
a

b

Not Bagged

1C
4C
15C

2
2
2

13.03
14.12
14.88

-7.47
-8.74
-9.01

9.54
12.63
15.16

Perforated

1C
4C
15C

12
12
7

13.00
14.62
20.14

-6.90
-7.70
-9.80

9.23
14.16
46.13

Cryovac 60

1C
4C
15C

12
12
7

12.87
14.33
19.59

-6.77
-6.76
-8.29

8.86
13.19
43.88

Cryovac 100

1C
4C
15C

12
12
7

13.05
13.79
17.97

-7.05
-7.49
-8.45

9.48
11.62
30.00

No . Days
Stored

Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

*
**
*

**
**
*

are means of six replicates.
NS' ■ Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
3/3 and 3/10/89
4/28, 5/3, and 5/8/89

NS
**
*
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Table 8.

Weight loss (%) of mustard greens in different
package types stored at 1, 4, and 15C (M3-third
experiment)

Package
Type

Storage
Temp.

Not Bagged

1C
4C
15C

5.19
5.72
5.27

___ 2
-----

-----

-----

Perforated

1C
4C
15C

0.41
1.08
0.61

0 .72
1.63
0.99

1.18
1.99
—

1.40
2.52

—

—

Cryovac 60

1C
4C
15C

0.09
0.11
0.20

0.20
0.16
0.34

0.26
0.24
————

0.32
0.32
---

Cryovac 100

1C
4C
15C

0.05
0.03
0.10

0.17
0.07
0.22

0.26
0.18
---

0.31
0.26
—

**
**
**

**
**
**

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

___________ Davs in storage
5
7
3

**
NS
NS

9

____

—

—

**
**
**

^fjta are means of eight replicates.
NSf Nonsignificant or significant at P=0.01, respectively.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/11 and 1/17/90
3/12, 3/16, and 3/19/90
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Table 9.

Carbon dioxide concentration (%) in atmosphere
within different package types of mustard greens
stored at 1, 4, and 15C (M3-third experiment)

Package
Type
Perforated

Cryovac 60

Cryovac 100

Storage
Temp.

3

Davs in storaae1
7
5

1C
4C
15C

0.071
0.088
0.191

0.078

1C
4C
15C

0.291
0.384
0.380

0.273
0.388
0.368

0.291
0.379

0. 255
0.384

----

-----

1C
4C
15C

0.339
0.282
0.438

0.281
0.272
0.466

0.270
0.257

0.379
0.254

_ _ _ _ _

-----

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

**
**
**

0.111

0.059

**
**
**

0.076
0.076
_____2

—

**
**
*

'Data are means of eight replicates.
2Ipc|Jj.cates sample was not stored at this date.
Ns’ ’ Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Planted:
Harvested:

9

Florida Broadleaf
1/11 and 1/17/90
3/12, 3/16, and 3/19/90

0.076
0.076
— —

—

**
NS
**

95

Table 10. Visual quality of mustard greens in different
package types stored at 1, 4, and 15C (M3-third
experiment)

Package
Type

Storage
Temp.

No. Days
Stored

Visual Oualitv Parameters1
Appear. Decay
Wilt Yellow

Not Bagged

1C
4C
15C

3
3
3

9.0
8.7
8.1

9.0
9.0
8.7

8.7
8.2
8.0

9.0
8.7
7.6

Perforated

1C
4C
15C

9
9
5

8.6
7.9
2.9

8.7
7.5
5.9

9.0
8.9
8.1

8.6
7.4
2.0

Cryovac 60

1C
4C
15C

9
9
5

8.6
8.0
3.2

8.0
7.7
4.7

9.0
9.0
8.4

8.9
8.2
3.1

Cryovac 100

1C
4C
15C

9
9
5

8.4
8.2
3.4

7.7
7.9
5.0

9.0
9.0
8.5

8.9
8.2
3.6

**
**
**

**
**
**

**
**
**

**
**
**

Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

^ata are means of eight replicates. Overall appearance,
decay, wilting, and yellowing rated on a scale of 9 to 1,
y^here 9 represents excellent appearance and quality.
Significant at P=0.01.
Cultivar:
Planted:
Harvested:

Florida Broadleaf
1/11 and 1/17/90
3/12, 3/16, and 3/19/90
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Table 11. Effect of package type and storage temperatures
on color of mustard greens (M3-third planting)

Package
Type

Storage
T

Not Bagged

1C
4C
15C

2
2
2

16.97
16.67
19.93

-5.98
-6.09
—6 .30

7.64
7.47
7.75

Perforated

1C
4C
15C

9
9
5

15.76
16.97
18.22

-5.55
-5.65
-5.82

7.17
7.58
8.71

Cryovac 60

1C
4C
15C

9
9
5

16.45
16.34
19.39

-5.62
-5.61
-5.90

7. 30
7.31
8.87

Cryovac 100

1C
4C
15C

9
9
5

15.95
17.00
18.04

-5.32
-5.37
-5.50

7.02
7.41
8.13

No. Days
Stored

L

Factorial effects
Package type (P)
Storage temperature (T)
P*T interaction

NS
**
NS

Gardner1
a

**
NS
NS

are means of six replicates.
NS' ' Nonsignificant or significant at P=0.05 or 0.01,
respectively.
Cultivar:
Florida Broadleaf
Planted: 1/11 and 1/17/90
Harvested:
3/12, 3/16, and 3/19/9

b

NS
**
*

97

Table 12. Sensory evaluations of mustard greens in different
package types stored at 1 and 4C (M3-third
experiment)1

Package
Type

Temp.

Tender
ness
Color

Flavor

Bitter
ness

Overall
Accept
ability

Fresh

—

6.2

4.7

4.7

4.0

5.2

Not Bagged

1C
4C

6.2
6.2

5.7
5.7

5.0
4.7

5.0
5.0

6,2
6.2

Perforated

1C
4C

5.7
5.5

5.7
5.2

4.5
4.5

5.0
4.7

6.0
5.2

Cryovac 60

1C
4C

6.2
6.2

5.7
5.0

5.0
4.7

4.5
5.0

5.5
6.0

Cryovac 100

1C
4C

6.2
6.5

5.5
6.0

4.7
5.0

4.5
4.2

5.7
5.7

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

Factorial effects
Package type (P)
Temperature (T)
P*T interaction

*Data are means of four samplers. Packaged treatments were
stored for 9 days. Flavor parameters rated on a scale of 8
to 1, where 8 represents best quality.
NSNonsignificant
Cultivar:
Planted:
Harvested:

Florida Broadleaf
3/3 and 3/10/89
4/28, 5/3, and 5/8/89
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